Physical studies of unfolded 30S ribosomal subunits of Escherichia coli by Blair, Donald Preston
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1975 
Physical studies of unfolded 30S ribosomal subunits of 
Escherichia coli 
Donald Preston Blair 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Blair, Donald Preston, "Physical studies of unfolded 30S ribosomal subunits of Escherichia coli" (1975). 
Graduate Student Theses, Dissertations, & Professional Papers. 7314. 
https://scholarworks.umt.edu/etd/7314 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
PHYSICAL STUDIES OF UNFOLDED 30S 
RIBOSOMAL SUBUNITS OF ESCHERICHIA COL I
by
Donald P, B l a i r  
B. A . ,  U n iv e r s i t y  o f  Montana, 1970
Presented  in  p a r t i a l  f u l f i l l m e n t  o f  the  
requ irem ents  fo r  the degree o f
M asters o f  Science
UNIVERSITY OF MONTANA 
1975
Approved by:
Chairm an, Board o f  Examiners





INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,




Published by ProQuest LLC (2013). Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17. United States Code
uesf
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106 -1346
B la ir ,  Donald P ., M.S., June 1978 Chemistry
Physical Studies of Unfolded 30S Ribosomal Subunits of 
Escherichia Coli (91 pp.)
Director: Walter E. H i l l
The 30S ribosomal subunit of Escherichia co li undergoes an 
extensive conformational change upon exposure to low Mg++ 
concentration. Dialysis of the subunit against a buffer 
containing 0.0001 M MgCl2, 0.07 M KCl, 0.01 M Tris-HCl, pH 7.4 , 
resulted in an unfolded p artic le  that was characterized by 
determining a number^of i t s  physical parameters. As determined 
in th is  study, the S20,w of the unfolded subunit was 23.3 ± 0 .3 ,  
the p a rt ia l  specific volume was 0.619 ± 0.006 ml/g, the in tr in s ic  
viscosity was 11.0 ± 0.2 ml/g, and the extinction coeffic ien t a t
260 nm was 145. The unfolded partic les  consisted of 33 ± 2%
protein and 65 ± 2 % RNA. Acrylamide gel electrophoresis ind icat­
ed no loss o f protein in the unfolded subunit.
The 30S subunit exhibits a decrease in sedimentation c o e ff i ­
cient and an increase in in tr in s ic  v iscosity when exposed to low
Mg**̂  concentration. The large change that occurs in these
physical parameters indicates that the unfolded subunit is more 
asymmetric and/or hydrated than the 30S subunit. Based on the 
assumption that the hydration is unchanged from the 30S subunit, 
the 23S p art ic le  has a calculated axia l ra t io  of approximately 
7:1. The asymmetry of th is p art ic le  can best be explained by 
assuming that a portion of the RNA chain swings out resulting in 
an extended conformation.
Solutions of the 23$ p art ic le  were also subjected to sonication 
fo r 20-25 minutes in an attempt to break o f f  the unfolded portion 
of the subunit. The sonication produced 3 partic les  that were 
isolated and analyzed for protein and RNA content. The three 
partic les  had approximate sedimentation coeffic ients  of 53, IDS, 
and 15$ and were found to have protein/RNA ra tios of 0.16, 0.49,  
and 0.49, respectively. From gel electrophoresis, i t  was found 
that the 10$ partic les had 13 proteins, and the 15$ partic les had 
15 proteins. No protein bands were observed from the 5$ p a r t i ­
cle. Unique proteins were found on the 10$ and 15$ partic les .  
Four proteins in the 10$ p a rt ic le  were not contained in the 15$ 
p a rt ic le ,  and six proteins in the 15$ p a rt ic le  were not contained 
in the lOS p art ic le . The sonication appears to break the unfold­
ed subunit into a t least two d if fe re n t  p a rt ic le s ,  each of which 
contain a unique protein content.
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In 1943 ,  L u r l a ,  D e l b r u k ,  and Anderson ( 7 5 )  r e p o r t e d  
o b s e r v i n g  an abundance o f  s m a l l ,  un i f o r m p a r t i c l e s  in  the  
e l e c t r o n  mi c r ogr aphs  o f  cy t op l asm f rom l ys ed  b a c t e r i a .  These  
p a r t i c l e s  were found in e x t r a c t s  o f  a l l  b a c t e r i a l  c e l l s  exam­
ined ( 5 ,  113)  and were found to c o n t a i n  most o f  the  r i b o n u c l e i c  
a c i d  (RNA) o f  t he  c e l l s  as w e l l  as some p r o t e i n s  ( 1 1 3 ) .  The 
chemica l  co mp o s i t i o n  and s i z e  o f  these  r i b o n u c l e o p r o t e i n  (RNP)  
p a r t i c l e s  resembled t he  p a r t i c l e s  s t u d i e d  e x t e n s i v e l y  in  
animal  t i s s u e s  ( 1 0 1 ,  102 ,  103 ,  105 ,  1 0 6 ) ,  in p l a n t s  ( 1 4 3 ,  1 4 4 ) ,  
and i n  y e a s t  ( 1 7 ,  1 8 ) .  These r i b o n u c l e o p r o t e i n  p a r t i c l e s  a r e  
now c a l l e d  r i bosomes.
These p a r t i c l e s  were observed to be somewhat s p h e r i c a l
o
w i t h  a d i a m e t e r  o f  about  100 to  200 angst roms (A)  and were  
composed o f  RNA and p r o t e i n  a p p r o x i m a t e l y  in the  r a t i o  o f  2 to  
1. They were g e n e r a l l y  t h ough t  t o  be i n v o l v e d  i n  p r o t e i n  
s y n t h e s i s  ( 7 2 ,  7 3 ) .  One o f  t he  most p r omi nent  f e a t u r e s  o f  
t hese  p a r t i c l e s  was t h a t  under  c e r t a i n  c o n d i t i o n s  t hey  would  
d i s s o c i a t e  i n t o  unequal  s u b u n i t s .  T h i s  phenomenon l e d  to the  
f i n d i n g  t h a t  the d i v a l e n t  c a t i o n ,  magnesium,  s t a b i l i z e s  
r i b o n u c l e o p r o t e i n  p a r t i c l e s  ( 1 1 4 ,  7 2 ,  73 ,  8 ) ,  which ena b l ed  
wor kers  to p u r i f y  and p r e s e r v e  r ibosomes f o r  p h y s i c a l  s t u d i e s .
In 1959 ,  T i s s i e r e s ,  Watson,  S c h l e s s i n g e r  and H o l l i n g -  
wor t h  ( 1 3 7 )  con f i r me d  the s t a b i l i z i n g  r o l e  o f  magnesium on 
r ibosomes o f  E s c h e r i c h i a  c o l i  and o u t l i n e d  a method o f  p r e ­
p a r a t i o n  and p u r i f i c a t i o n  o f  r ibosomal  p a r t i c l e s .  They 
found t h a t  in s u i t a b l e  c o n c e n t r a t i o n s  o f  magnesium,  fo u r  
k i nds  o f  r i  bonucl  e o p r o t e i  n p a r t i c l e s  f rom c o l i  were  
observed w i t h  s e d i m e n t a t i o n  c o e f f i c i e n t s  o f  a p p r o x i m a t e l y  30S,  
50S,  70S,  and lOOS w i t h  m o l e c u l a r  we i gh t s  o f  about  1 . 0 ,  1 . 8 ,  
3 . 1 ,  and 5 . 9  x 10^ dal  t o n s , r e s p e c t i v e l y .
S i nce  1959 ,  r ibosomes f rom many sources and e s p e c i a l l y  
t hose f rom E_̂  c o l i  have been e x t e n s i v e l y  s t u d i e d ,  g i v i n g  i n ­
s i g h t  to  the  p h y s i c a l  s t r u c t u r e  and the  f u n c t i o n  o f  t hese  
complex r i b o n u c l e o p r o t e i n  p a r t i c l e s .  The c l e a r l y  e s t a b l i s h e d  
f u n c t i o n  o f  t he  r ibosomes i s  t h a t  t hey  ar e  c e n t r a l  1 y i n v o l v e d  
i n  p r o t e i n  s y n t h e s i s .  ( F o r  a r e v i e w ,  see 70 ,  9 5 . )  F a c t o r s  
and c o n d i t i o n s  necessar y  f o r  p r o t e i n  s y n t h e s i s  have been w e l l  
e s t a b l i s h e d ,  but  l i t t l e  i s  known about  the  a c t u a l  mechanism 
i n v o l v e d .  The u n d e r s t a n d i n g  o f  the  mechanism o f  p r o t e i n  
s y n t h e s i s  i s  c l o s e l y  a s s o c i a t e d  w i t h  t he  u n d e r s t a n d i n g  o f  the  
s t r u c t u r e  and f u n c t i o n  o f  the r i bosome.  In s p i t e  o f  the  
numerous s t u d i e s  ove r  the  pas t  decade,  t he  a c t u a l  c o n f i g u r a ­
t i o n  o f  t he  r ibosome i s  s t i l l  v i r t u a l l y  unknown.  However ,  a 
b r i e f  r e v i e w  o f  cont empor ar y  knowledge o f  the  s t r u c t u r e  o f  t he  
r ibosome may be o f  v a l u e  i n  d e t e r m i n i n g  what  i n f o r m a t i o n  can 
or  should  be sought .
E l e c t r o n  Mi c r os copy  o f  Ribosomes
Some o f  the f i r s t  a t t e mp t s  to o b t a i n  the  s i z e  and 
shape o f  r ibosomes i n v o l v e d  e l e c t r o n  mi c r o s c op y .  The 
r ibosomes o f  ^  c o l i  were s t u d i e d  us i ng meta l  shadowing by 
H a l l  and S l a y t e r  ( 4 0 ) ,  us ing p o s i t i v e  and n e g a t i v e  s t a i n i n g  
by Huxl ey  and Zubay ( 5 1 ) ,  and using metal  shadowing and 
n e g a t i v e  s t a i n i n g  by S p i r i n ,  K i s e l e v ,  Sh a k u l o v ,  and Bogdanov 
( 1 2 2 ) .  A l t hough  the  r e s u l t s  o f  t hese  a i r - d r i e d  p a r t i c l e s  
v a r i e d ,  a g e n e r a l  p i c t u r e  o f  t he  r i bosomal  p a r t i c l e s  was 
g i v e n .  The lOOS p a r t i c l e  was found to be a d imer  o f  70S 
p a r t i c l e s  a t t a c h e d  through t h e i r  30S s u b u n i t s  w i t h  d imensi ons
o
o f  1 4 0 - 1 5 0  X 400 A ( 5 1 ,  1 2 2 ) .  The 70S p a r t i c l e  had d imen­
si ons o f  1 5 0 - 1 7 0  X 1 9 0 - 2 0 0  A; the  50S p a r t i c l e ,  140 x 170 A; 
and the 30S p a r t i c l e  was found to be a f l a t t e n e d  sphere  w i t h  
dimensi ons o f  7 0 - 9 5  x 1 4 0 - 1 8 0  A ( 4 0 ,  51 ,  1 2 2 ) .  S l i g h t l y  
l a r g e r  volumes f o r  the  50S s u b u n i t  were found by H a r t  ( 4 2 , 4 3 )  
usi ng  f r o z e n - d r i e d , t ungst en- shadowed p a r t i c l e s  which gave
o
di mensi ons o f  160 x 230 A. A more r e c e n t  s t udy  by V a s i l i e v
( 1 4 5 )  on 70S p a r t i c l e s  using t he  f r o z e n - d r i  e d , shadowing  
t e c h n i q u e  has shown t hese  p a r t i c l e s  to have a 25% g r e a t e r  
volume than a i r  d r i e d  ( 4 0 )  or  n e g a t i v e l y  c o n t r a s t e d  ( 5 1 ,  12)
o
r i  bosomes. V a s i l i e v  found t he  d imensi ons to be 2 6 0 - 2 4 0  A x
o o
2 4 0 - 2 2 0  A X 1 8 0 - 1 6 0  A,  g i v i n g  an e l l i p t i c a l  shape o f  r o u g h l y  
1 : 1 . 3 5 : 1 . 5 .  He found t he  50S to be t y p i c a l l y  domed shaped 
w i t h  no l a r g e  s u r f a c e  grooves as p o s t u l a t e d  by Bruskov and 
K i s e l e v  ( 1 2 ) .  He found the 30S to have a convex - concave
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form w i t h  a groove r unn i ng  down the long d i mens i on .  Th i s  
study and the p r e v i o u s  ones ment i oned i n d i c a t e  t h a t  t he  30$ 
s u b u n i t  appears to s i t  as a cap on the 50S s u b u n i t  to form 
t he  70S p a r t i c l e .
In a d d i t i o n  to t hese  d e t e r m i n a t i o n s ,  o t h e r  p r o b a b l e  
s t r u c t u r a l  f e a t u r e s  were obs er ve d .  There  was no e v i d e n c e  
f o r  a p r o t e i n  s h e l l  as in  v i r u s  p a r t i c l e s  nor was t h e r e  any 
e x t e n s i v e  l o c a l i z a t i o n  o f  RNA ( 5 1 ) .  There  wer e ,  however ,  
s u r f a c e  f e a t u r e s  observed ( 4 3 ,  145)  t h a t  d i d  i n d i c a t e  pack-
o
ing o f  r i b o n u c l e o p r o t e i n  s t r a n d s  w i t h  a mean d i a m e t e r  o f  30 A.
Anot her  t e c h n i q u e  which u t i l i z e s  o p t i c a l  d i f f r a c t i o n  
a n a l y s i s  o f  e l e c t r o n  mi c r ogr aphs  f o r  t h r e e  d i me ns i ona l  
s t r u c t u r a l  s t u d i e s  on r i b o n u c l e o p r o t e i n  p a r t i c l e s  has been 
deve l oped  by Lake and SI a y t e r  ( 6 8 ) .  They found t h a t  i n  the  
c l o s e l y  packed h e l i c e s  o f  r i b o n u c l e o p r o t e i n  p a r t i c l e s  found  
i n  chr omat o i d  bodies o f  c y s t s  o f  Entamoeba i n v a d e n s , the  
di mensi ons o f  the asymmet r i c  u n i t  cor r esponded r e a s o n a b l y  
w e l l  w i t h  those dimensi ons g i v e n  by H i l l ,  Thompson,  and 
Anderegg ( 4 6 )  from s m a l l - a n g l e  x - r a y  s c a t t e r i n g  f o r  t he  70S 
E. c o l i  r i bosomes.  A l t hou gh  t he  asymmet r i c  u n i t  o f  the h e l i x  
has not  been shown to  be a r i bos ome,  t he  compar ison w i t h  t he  
r ibosome may be v a l i d .
There  has been no s i n g l e  c r y s t a l  x - r a y  d i f f r a c t i o n  
work on r i bosomes .  Byers ( 1 4 )  and M o t t e t  and Hammer ( 9 2 )  
have i s o l a t e d  r ibosome t e t r a m e r s  i n  embryonic  c h i c k  c e l l s .
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C r y s t a l s  t h a t  may be l a r g e  enough f o r  x - r a y  d i f f r a c t i o n  
a n a l y s i s  have been i s o l a t e d  by B a r b i e r i  e^  ( 3 ) .
There  have been s t u d i e s  on the x - r a y  s c a t t e r i n g  
f rom g e l s  o f  r ibosomes or  r ibosomal  s u b u n i t s .  E a r l y  work  
on c o l i  r ibosomes ( 6 0 ,  69 ,  154)  i n d i c a t e d  t h a t  wet  gel  
p a t t e r n s  have many o f  the same r e f l e c t i o n s  as those observed  
w i t h  r i bosomal  RNA (rRNA)  w h i l e  t he  dry  samples had p r o t e i n ­
l i k e  d i f f r a c t i o n  p a t t e r n s . These s t u d i e s  ( 6 0 ,  154)  i n d i c a t e d  
t he observed s c a t t e r i n g  resembles t h a t  due to a m i x t u r e  o f  
p r o t e i n  and rRNA.
S m a l l - a n g l e  X - r a y  S c a t t e r i n g  o f  Ribosomes
X - r a y  s c a t t e r i n g  f rom s o l u t i o n s  o f  r ibosomes has 
been done on t he  80S r ibosomes o f  r a b b i t  r e t i c u l o c y t e s  ( 2 3 )  
and b e e f  pancreas  ( 7 )  and more r e c e n t l y  on the 70S ( 4 6 ,  5 9 ) ,  
t he  50S ( 4 6 ,  59,  119)  and on the  30S ( 4 6 ,  120)  p a r t i c l e s  o f  
E. c o l i .  The s t u d i e s  by H i l l  e t . a l . ( 4 6 )  found the  r a d i i  
of  g y r a t i o n  to  be 125 ,  77 ,  and 69 A f o r  the  70 ,  50 ,  and 30S 
r i bos ome,  r e s p e c t i v e l y .  The 70S was found to be the shape o f
o
an e l l i p t i c a l  c y l i n d e r  w i t h  d imensi ons o f  135 x 200 x 400 A;
o
t he 50S,  an e l l i p s o i d  o f  130 x 170 x 310 A; t he  30S,  an o b l a t e  
e l l i p s o i d  o f  about  55 x 220 x 220 A ( 4 6 ,  1 2 0 ) .  In agreement  
w i t h  e l e c t r o n  mi c r oscopy  s t u d i e s ,  t he  x - r a y  s c a t t e r i n g  s t u d i e s  
have not  shown a c e n t r a l  core  o f  RNA or  p r o t e i n  ( 4 6 ,  1 2 0 ) ,  
a l t h o u g h  t h e r e  i s  some e v i d e n c e  t o  the  c o n t r a r y  ( 1 1 9 ) .  However ,  
the  x - r a y  s t u d i e s  on s o l u t i o n s  have i n d i c a t e d  volumes cons i d-
e r a b l y  g r e a t e r  than those found in  e l e c t r o n  mi c r o s c o p y ,  
e x c e p t  f o r  the e l e c t r o n  mi croscope s t u d i e s  on f r o z e n - d r i  ed 
samples ( 4 3 ,  1 4 5 ) .  The long dimensi on (400  A) o f  the  70S 
r ibosome i s  a p p r o x i m a t e l y  t w i c e  the d i mensi on found w i t h  
the e l e c t r o n  mi c r os c ope .  The SOS p a r t i c l e  has dimensi ons  
t h a t  a r e  about  30% l a r g e r ,  and t he  30S p a r t i c l e  has a 
d i a m e t e r  20% l a r g e r .  Th i s  d i s c r e p a n c y  mi ght  be a t t r i b u t e d  
to s h r i n k a g e  i n c u r r e d  i n  the p r e p a r a t i o n  o f  the a i r - d r i e d  
samples f o r  the e l e c t r o n  mi c r osc op e .  O v e r a l l ,  the x - r a y  
s c a t t e r i n g  f rom s o l u t i o n s  seems to g i v e  a more a p p r o p r i a t e  
c h a r a c t e r i z a t i o n  o f  r ibosomes i n  t h e i r  n a t i v e  s t a t e  than the  
t e c h n i q u e s  u t i l i z i n g  d r i e d  p a r t i c l e s .
Hydrodynamic P r o p e r t i e s  o f  Ribosomes
V a r i o u s  o t h e r  p h y s i c a l  par amet er s  have been measured  
f o r  E_̂  c o l i  r i bosomes.  As ment i oned p r e v i o u s l y ,  T i s s i e r e s  
e t  a l . ( 1 3 7 )  o b t a i n e d  m o l e c u l a r  w e i g h t s ,  usi ng s e d i m e n t a t i o n  
and d i f f u s i o n  c o e f f i c i e n t s  and s e d i m e n t a t i o n  and v i s c o s i t y .
More r e c e n t l y .  H i l l ,  R o s s e t t i  and Van Hoi de ( 4 5 )  measured  
the m o l e c u l a r  w e i g h t s  by s e d i m e n t a t i o n  e q u i l i b r i u m  and ob­
t a i n e d  v a l ue s  o f  2 . 6 5  x 10^,  1 . 5 5  x 10^,  and 0 . 9 0  x 10^ 
dal  tons f o r  t he  70S,  503 ,  and 305 p a r t i c l e s  r e s p e c t i v e l y .  
S i m i l a r  r e s u l t s  were a l s o  o b t a i n e d  w i t h  l i g h t  s c a t t e r i n g  
( 1 1 2 ) .  S e d i m e n t a t i o n  ( 4 5 ,  137)  and d i f f u s i o n  c o e f f i c i e n t s  
( 1 3 7 ) ,  i n t r i n s i c  v i s c o s i t y  ( 4 5 ,  137)  and p a r t i a l  s p e c i f i c  
volumes ( 4 5 ,  137)  have a l s o  been measured f o r  E. c o l i  r ibosomes
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One o f  the problems which c o m p l i c a t e s  the s t udy  o f  
E. c o l i  r ibosomes a r i s e s  f rom the  f a c t  t h a t  d i f f e r e n t  r e ­
s e a r c h e r s  have used a v a r i e t y  o f  ways to i s o l a t e  and p u r i f y  
t hese  p a r t i c l e s .  There  ar e  b a s i c a l l y  t h r e e  p u r i f i c a t i o n  
t e c h n i q u e s  t h a t  have been w i d e l y  u s e d . In one t e c h n i q u e  
r ibosomes a r e  p r e pa r e d  in T r i s -  or  phosphate b u f f e r  c o n t a i n ­
ing 0 . 0 1  M MgC12  ( 1 3 7 ) .  In a n o t h e r  0 . 5  or  1 M NH^Cl i s  used 
to "wash" t he  p a r t i c l e s  f r e e  o f  nonr i bosoma1 p r o t e i n  ( 1 1 2 ,  
1 2 8 ) .  In the o t h e r  p u r i f i c a t i o n  method v a r i o u s  c o n c e n t r a t i o n s  
of  ammonium s u l f a t e  a r e  used to d i f f e r e n t i a l l y  p r e c i p i t a t e  the  
r ibosomes ( 6 3 ) .  H i l l ,  Anderegg,  and Van Hoi de ( 4 4 )  found t h a t
c
the unwashed r i bosomal  s u b u n i t s  c o n t a i n e d  a p p r o x i m a t e l y  10 
dal  tons more m a t e r i a l  than the s u b u n i t s  p r epa r ed  by the NH^Cl 
o r th e  (NH^) gSO^ method.  The l oss  o f  m a t e r i a l  i s  presumabl y  
p r o t e i n  as ( NH^) 2 S0  ̂ p r e c i p i t a t e d  r ibosomes c o n t a i n  about  
30-33% p r o t e i n  ( 6 3 ) ,  w h i l e  unwashed r ibosomes c o n t a i n  about  
37% p r o t e i n  ( 1 3 7 ) .  Thus,  t he  i n t e r p r e t a t i o n  o f  p h y s i c a l  
par a me t er s  o b t a i n e d  by v a r i o u s  wor kers  can be c o m p l i c a t e d  
due to  the method o f  r ibosome p r e p a r a t i o n .
Ribosomal  RNA
O t h e r  s t u d i e s  have y i e l d e d  i n f o r m a t i o n  about  the  
r ibosome through a n a l y s i s  o f  t he  RNA and p r o t e i n  components.
As noted above ,  r i bosomal  RNA accounts  f o r  60-70% o f  the  
mass o f  the  r i bosome.  The 30S r i bos omal  s u b u n i t  c o n t a i n s  
one mo l e c u l e  o f  165 rRNA o f  about  1700 n u c l e o t i d e s  w i t h  a
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m o l e c u l a r  w e i g h t  o f  6 . 4  x 10^ ( 9 8 ) ,  whereas the  50$ s u b u n i t  
c o n t a i n s  one mo l e c u l e  o f  23S rRNA o f  about  3100 n u c l e o t i d e s  
w i t h  a m o l e c u l a r  w e i g h t  o f  1.1 x 10^ and one mo l e c u l e  o f  5S 
rRNA o f  120 n u c l e o t i d e s  w i t h  a m o l e c u l a r  w e i g h t  o f  4 x 10*
( 1 1 ,  6 2 ,  85 ,  1 2 7 ) .  The base sequence o f  the 163 and 233 
rRNA i s  not  known, but  s e r i o u s  a t t e m p t s  a r e  be i ng made to  
sequence them ( 3 0 ,  3 1 ) .
Ribosomal  RNA i s  b e l i e v e d  to have a secondary  
s t r u c t u r e  o f  which the rRNA c o n t a i n s  many r e g i o n s  i n  which  
the s i n g l e  cha i n  doubl es  back upon i t s e l f  f o r mi ng  h a i r p i n  
loop d o u b l e - s t r a n d e d  h e l i c e s  connected by f l e x i b l e  s i n g l e ­
s t r a n d e d  r e g i o n s  ( 2 4 ) .  The rRNA i s  60-70% base p a i r e d  ( 1 3 ,
80 ,  111)  and i s  b e l i e v e d  to be s i m i l a r  to the secondary  
s t r u c t u r e  o f  the  rRNA in the r i bosomal  s u b u n i t s  ( 1 5 5 ,  60 ,
8 4 ,  115 ,  1 3 4 ) .  The t e r t i a r y  s t r u c t u r e ,  however ,  does not  
seem to be the same i n  i s o l a t e d  rRNA and i n  the  r ibosome as 
rRNA i t s e l f  occupies  a g r e a t e r  volume than the compl e t e  
r i bosomal  s u b u n i t  ( 1 2 0 ,  8 4 ) .
Ribosomal  P r o t e i n s
The p r o t e i n  complement  o f  the  r ibosome was found to  
be het er ogeneous  i n  1960 by W a l l e r  and H a r r i s  ( 1 4 7 ) .  However ,  
s t u d i e s  on the  r i bosomal  p r o t e i n  l agged f a r  behind s t u d i e s  
on rRNA. I t  was not  u n t i l  1964 t h a t  s e r i o u s  s t u d i e s  on the  
s t r u c t u r e  o f  £ .  c o l i  r ibosomes were made.  As a r e s u l t  o f  
t h e s e  s t u d i e s ,  i t  has been found t h a t  r ibosomes c o n s i s t  o f
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many d i f f e r e n t  p r o t e i n s  i n  a d d i t i o n  to the rRNA. The 30S sub­
u n i t  c o n t a i n s  21 d i f f e r e n t  p r o t e i n s  which have now been 
i s o l a t e d  and c h a r a c t e r i z e d  ( 1 4 2 ,  56 ,  89 ,  33 ,  41 ,  20 ,  141 ,  96 ,  
58,  26 ,  57 ,  130,  55 ,  48 ,  151 ,  1 4 6 ) ,  and the 50S s u b u n i t  
c o n t a i n s  a p p r o x i m a t e l y  35 p r o t e i n s  ( 2 6 ,  57 ,  47 ,  9 0 ) ,  two 
( L 7 - L 1 2 )  o f  which may be the same.
The 30S s u b u n i t  c o n t a i n s  a p p r o x i m a t e l y  2 6 0 , 0 0 0  to
2 8 0 , 0 0 0  dal  tons o f  p r o t e i n  ( 2 0 ,  4 1 ) ,  and t he  number aver age  
m o l e c u l a r  w e i g h t  o f  an i n d i v i d u a l  r i bosomal  p r o t e i n  i s  i n  the  
nei ghborhood o f  2 0 , 0 0 0  dal  tons ( 8 7 ) .  However ,  t he  a g g r e g a t e  
mass o f  a l l  the  p r o t e i n s  on the 30S s u b u n i t  i s  about  4 4 0 , 0 0 0  
da 1 tons ( 1 4 6 ) ,  c o n s i d e r a b l y  g r e a t e r  than the 2 6 0 - 2 8 0 , 0 0 0  
dal  tons obs er ve d .  Th i s  d i s c r e p a n c y  has been t aken  to i mpl y  
t h a t  30S s u b u n i t s  a r e  heter ogenous i n  the p r o t e i n  complement .  
F u t h e r  s t u d i e s  have I n d i c a t e d  t h a t  t h e r e  may be 5 to  9 
p r o t e i n s  which ar e  not  always p r e s e n t  ( f r a c t i o n a l  p r o t e i n s ) ,  
and 6 to  12 p r o t e i n s  which a r e  a lways p r e s e n t  ( u n i t  p r o t e i n s )
( 1 4 6 ) .
The h e t e r o g e n e i t y  o f  the r i bosomal  s u b u n i t  has l ed  
to the  p o s t u l a t i o n  t h a t  t h e r e  a r e  d i f f e r e n t  c l a s s e s  o f  
r ibosomes w i t h  d i f f e r e n t  f u n c t i o n s .  Anot her  proposa l  to  
e x p l a i n  the h e t e r o g e n e i t y  i s  t h a t  t h e r e  i s  an exchange o f  
f r a c t i o n a l  p r o t e i n s  to f a c i l i t a t e  s p e c i f i c  s t eps  o f  p r o t e i n  
s y n t h e s i s .  Ev i dence  f o r  the  l a t t e r  has been shown by D u i n ,
Kni p p e n b e r g , D i e b e n ,  and Kur l and ( 2 5 ) .  They found t h a t  the  
absence o f  p r o t e i n  S21 enhances the  b i n d i n g  o f  f o r m y I m e t h i o n y l
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t r a n s f e r  RNA and suggested t h a t  $21 must be absent  f rom a 
r ibosome which i s  cha i n  i n i t i a t i n g .
The p r o t e i n  complement  o f  the 503 s u b u n i t  i s  a l s o  
h e t e r o g e n e o u s . D i z i o n a r a ,  K a l t s c h m i d t ,  and Wi t tmann ( 2 6 )  
have shown the aggr e ga t e  mass o f  the p r o t e i n s  to be about
5 5 0 , 0 0 0  da 1 tons having a range of  7 , 5 0 0  to 5 0 , 0 0 0  dal  t o n s . 
St ud i es  by Weber ( 1 4 8 )  have shown t h a t  the 505 p a r t i c l e  
has 9 - 1 0  " f r a c t i o n a l "  p r o t e i n s ,  15 - 16  " u n i t "  p r o t e i n s ,  one 
" r e p e a t e d "  p r o t e i n  o f  a p p r o x i m a t e l y  2 copies  per  503 p a r t i c l e ,  
and 7 " f r a c t i o n a l  r e p e a t e d "  p r o t e i n s  o f  a p p r o x i m a t e l y  1 . 5  
copies  per  503 p a r t i c l e .
Ribosomal  P r e c u r s o r  P a r t i c l e s
The s tudy of  s t r u c t u r a l  t r a n s f o r m a t i o n s  in r ibosomes  
and r i bosomal  s u b un i t s  has a l s o  been used to g a t h e r  i n f o r m a t i o n  
on r i bosomes.  Exper i ments  have been per formed to 1 earn the  
sequence o f  b i ochemi ca l  event s  occ ur i  ng i n  the  r ibosome  
assembly process .  These e x per i men t s  have sought  p r e c u r s o r  
p a r t i c l e s  by the k i n e t i c  a n a l y s i s  o f  RNA p r e c u r s o r s ,  by the  
use o f  m e t a b o l i c  i n h i b i t o r s  to cause a c c u mu l a t i on  o f  i n t e r ­
me d i a t e  p a r t i c l e s ,  and by t he  use o f  d e f e c t i v e  mutants  
of  s teps in  the assembly pr oce ss .  These v a r i o u s  e x p e r i m e n t s  
have shown s l i g h t l y  d i f f e r e n t  p r e c u r s o r  p a r t i c l e s  but  o v e r a l l  
have shown r ibosome assembly to be a s t e pwi s e  p r ocess .  The 
b i o g e n e s i s  o f  the 303 s u b u n i t  seems to s t a r t  w i t h  163 rRNA 
and goes v i a  213 and 263 i n t e r m e d i a t e s  to form the 303
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r i bosomal  s u b u n i t  ( 6 6 ,  99 ,  39,  7 7 ) .  The 60S s u b u n i t  seems 
to s t a r t  w i t h  23S rRNA and goes v i a  32$ and 43S i n t e r ­
medi a t es  to form the 503 r ibosomal  s u b u n i t  ( 3 9 ,  77,  100,
2 2 ) .  As o f  y e t ,  these i n t e r m e d i a t e  p a r t i c l e s  have y i e l d e d  
l i t t l e  i n f o r m a t i o n  about  t he  s t r u c t u r e s  o f  the  r ibosomal  
s u b u n i t s .
Unfo l ded Ribosomal  P a r t i c l e s
In v i t r o  s t u d i e s  have shown t h a t  a l t e r i n g  the  
e nv i r onment  o f  r ibosomes and r i bosomal  s u bun i t s  can a l s o  
cause s t r u c t u r a l  t r a n s f o r m a t i o n  in the  p a r t i c l e s .  In 1963 ,  
S p i r i n  and coworkers showed e l e c t r o n  mi crogr aphs  o f  e l o n ­
gated s t r a n ds  r e s u l t i n g  f rom r ibosome exposure to high  
s a l t  f o l l o w e d  by exposure to b u f f e r  o f  low i o n i c  s t r e n g t h  
c o n t a i n i n g  no magnesium ( 1 2 2 ) .  Exposure to high s a l t ,  low 
magnesium,  or  d i r e c t  removal  o f  d i v a l e n t  c a t i o n s  by 
c h e l a t i o n  g i ves  r i s e  to a l t e r e d  r ibosomal  p a r t i c l e s  ( 1 5 ,  35 ,  
36,  78,  94 ,  108,  133,  149,  150,  4 4 ) .  S i m i l a r  a f f e c t s  have 
a l s o  been accompl ished by h e a t i n g  ( 1 3 4 ,  6 ,  1 3 5 ) .  These  
p a r t i c l e s  have decr eased  s e d i m e n t a t i o n  c o e f f i c i e n t s  and 
i n c r e a s e d  i n t r i n s i c  v i s c o s i t y  ( 1 3 4 ,  150 ,  123)  which i s  due 
to a l oo s e n i n g  o f  the r i b o n u c l e o p r o t e i n  s t r a n d .  However ,  
the s t r u c t u r a l  a l t e r a t i o n  does not  seem to be due to a 
g en er a l  l o o s e n i n g  t h a t  would g i v e  many d i f f e r e n t l y  shaped 
p a r t i c l e s ,  as the d é n a t u r a t i o n  occurs i n  d i s c r e t e  i n t e r ­
me di a t e  s teps t h a t  can be summarized as f o l l o w s :
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60S — 40S — 30S — 19S
30S — 27S — 23S
A n a l y s i s  by e l e c t r o n  microscopy ( 1 2 2 ,  80 ,  70)  and o p t i c a l  
r o t a t o r y  d i s p e r s i o n  ( 1 3 5 ,  2 9 ) ,  has i n d i c a t e d  t h a t  the  
l oo s e n i n g  process seems to be due to an u n f o l d i n g  o f  
p a r t i c u l a r  p o r t i o n s  o f  the p a r t i c l e .
Upon u n f o l d i n g  the SOS s u b u n i t  one s t e p ,  85 to  
90% o f  the 5S rRNA and 4 to 7 p r o t e i n s  a r e  r e l e a s e d  ( 3 8 ) .  
P r o t e i n s  on the u n f o l de d  30$ p a r t i c l e s ,  however ,  seem to  
remain a s s o c i a t e d  w i t h  the RNA ( 1 3 4 ,  140,  3 6 ) .  One o f  
the ma j or  problems in the study o f  t hese  i n t e r m e d i a t e  
p a r t i c l e s  i s  t h a t  o f  i s o l a t i n g  homogeneous samples.
Al t hough the 393 and 303 u n f o l ded  p a r t i c l e s  have been 
i s o l a t e d  and p a r t i a l l y  c h a r a c t e r i z e d  ( 4 4 ,  7 9 ) ,  no homogen­
eous i n t e r m e d i a t e ( s )  has been i s o l a t e d  f o r  the 303 s u b u n i t .
Whi l e  the  r e s u l t s  f rom these  s t u d i e s  are  s l i g h t l y  
ambiguous,  they have i n d i c a t e d  t h a t  the  r ibosomal  s u b un i t s  
ar e  composed o f  a f o l d e d  r i b o n u c l e o p r o t e i n  s t r a n d .  S m a l l -  
angle  x - r a y  s c a t t e r i n g  f rom the 233 p a r t i c l e  ( 1 2 0 )  has a l s o  
shown t h a t  the  303 s u b u n i t  appears to  expand i n  one dimen­
s ion w h i l e  the  smal l  d imension remains f a i r l y  c o n s t a n t .
Th i s  ev i de nc e  i s  c o n s i s t e n t  w i t h  t he  i dea  t h a t  the s u b u n i t  
i s  composed o f  a f o l d e d  s t r a n d .
To he l p  v i s u a l i z e  t h i s  phenomenon o f  u n f o l d i n g  
in one d i me ns i on ,  a u s e f u l  ana l ogy  i s  to compare the RNP
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s t r a n d  to  a p i e c e  o f  rope l a y i n g  on a t a b l e .  The rope  
i s  f o l d e d  i n t o  n o n - o v e r l a p p i n g ,  " h a i r p i n - t y p e "  l oo ps ,  
f ormi ng an o v e r a l l  shape o f  a squar e .  The square a c t u a l l y  
has t h r e e  d i mens i ons ,  as the depth i s  the d i a m e t e r  o f  the  
rope.  I f  a f r e e  end o f  the rope i s  p u l l e d  in  a d i r e c t i o n  
p e r p e n d i c u l a r  to the f o l d s ,  one observes t h r e e  obvious  
e f f e c t s .  F i r s t ,  the shape approx i mat ed  by the f o l d e d  
s t r a n d  i s  now a r e c t a n g l e ,  as one dimension o f  the square  
has been l e n g t h e n e d .  Second,  the loops o f  the rope have 
been loosened or  u n f o l d e d .  T h i r d ,  the smal l  d imension  
as de t e r mi ned  by the t h i c k n e s s  o f  the  rope has remained  
c o n s t a n t .
P r o t e i n - d e f i c i e n t  P a r t i c l e s
Another  method to o b t a i n  a l t e r e d  r ibosomal  p a r t i c l e s  
is the s e l e c t i v e  removal  o f  p r o t e i n s  f rom the s u b u n i t s .  
Exposing the r i bosomal  s u b un i t s  to high s a l t ,  c o n c e n t r a ­
t i o n s  o f  1 - 2  M when magnesium i s  no more than 0 . 01  M, causes  
a l oss o f  p r o t e i n  g i v i n g  p r o t e i n - d e f i c i e n t  r ibosomal  
p a r t i c l e s ,  or  cor e  p a r t i c l e s .  The t e c h n i q u e  o f  s t r i p p i n g  
p r o t e i n s  f rom s u b u n i t s  by means o f  high c o n c e n t r a t i o n s  o f  
CsCl was d i s c o v e r e d  by Mesel  son ejt a l  . ( 8 3 ) ,  and s i m i l a r  
d i s s o c i a t i o n  o f  p r o t e i n  f rom s u b u n i t s  was found to occur  
when exposed to Li  Cl ( 2 ,  5 2 ) ,  KCl ,  or  NH^Cl ( 1 2 1 )  in  high  
c o n c e n t r a t i o n .  The p r o t e i n s  thus removed have been 
s e p a r a t e d  i n t o  a c i d i c  and b a s i c  f r a c t i o n s  ( 1 3 8 ) .  The
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r e l e a s e  o f  p r o t e i n  was shown to occur  s t e pwi s e  by way o f  
d i s c r e t e  i n t e r m e d i a t e  s tages ( 5 2 ,  7 1 ) ,  and most i n t e r e s t ­
i n g l y ,  t he  235 core  p a r t i c l e  would r e a s s o c i a t e  w i t h  the  
d i s s o c i a t e d  p r o t e i n  under  the p r ope r  c o n d i t i o n s  to y i e l d  
f u n c t i o n a l l y  a c t i v e  su b un i t s  ( 7 1 ,  49 ,  1 2 5 ) .  Al t hough  
s t u d i e s  o f  p r o t e i n - d e f i c i e n t  p a r t i c l e s  have the p o t e n t i a l  
o f  o f f e r i n g  much i n f o r m a t i o n  about  the t e r t i a r y  f o l d i n g  o f  
the R N A- p r o t e i n  s t r a n d  and the f a c t o r s  r e s p o n s i b l e ,  l i t t l e  
work has been done.  Smi th ( 1 2 0 )  has shown the 235 core  
p a r t i c l e  to have a g r e a t e r  maximum dimension than the 305 
s u b u n i t .  The expansi on o f  t h i s  p r o t e i n - d e f i c i e n t  p a r t i c l e  
was taken as e v i de nc e  t h a t  the p r o t e i n s  c o n t r i b u t e d  to  
m a i n t a i n i n g  the compact  s t r u c t u r e  o f  the 305 s u b u n i t .
R e c o n s t i t u t i o n  o f  Ribosomes
The spontaneous assembly o f  the 305 s u b u n i t  f rom 
core  p a r t i c l e s  and d i s s o c i a t e d  p r o t e i n s  l ed  to the  in  
vi  t r o  method developed by Traub and Nomura ( 1 3 9 )  o f  r e c o n ­
s t i t u t i n g  f u n c t i o n a l l y  a c t i v e  305 s u b un i t s  f rom the r i b o ­
somal p r o t e i n s  and rRNA. Thi s  method was used to l ook  
c l o s e l y  a t  the mechanism o f  assembly f o r  the 305 s u b u n i t  
( 1 4 0 ,  8 6 ,  9 7 ) .  I t  was de t e r mi n ed  t h a t  r e c o n s t i t u t i o n  
r e q u i r e s  the use o f  a r a t h e r  high i o n i c  s t r e n g t h  s o l u t i o n ,  
the o p t i ma l  i o n i c  s t r e n g t h  being 0 . 3 7 .  In the a p p r o p r i a t e  
i o n i c  c o n d i t i o n s ,  about  12 or  13 p r o t e i n s  combine w i t h  
rRNA to form a r e c o n s t i t u t i o n  i n t e r m e d i a t e ,  R I .  At  t h i s
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p o i n t  the  r a t e - 1 i mi t i  ng u n i m o l e c u l a r  r e a c t i o n ,  r e p r e s e n t ­
ing a s t r u c t u r a l  r ea r r a ngemen t  o f  the i n t e r m e d i a t e  w i t h  a 
high a c t i v a t i o n  e n e r g y ,  w i l l  occur  i f  heat  i s s u p p l i e d  by 
r a i s i n g  the t e m p e r a t u r e  o f  the i n c u b a t i o n  m i x t u r e  to 40® C 
f o r  20 mi n u t e s .  The a c t i v a t e d  i n t e r m e d i a t e  w i l l  then bind  
the r ema i n i ng  p r o t e i n s ,  y i e l d i n g  f u n c t i o n a l  30S p a r t i c l e s  
w i t h  the same shape and i n t e r n a l  s t r u c t u r e  as n a t u r a l  
s u b u n i t s  ( 1 2 0 ) .  I t  was found t h a t  the p r o t e i n s  bind in  a 
p a r t i c u l a r  o r d e r ,  the " i n t e r n a l "  ones b i n d i n g  f i r s t ,  and 
t h a t  s e v e r a l  p r o t e i n s  bind to s p e c i f i c  s i t e s  ( 8 6 ,  116 ,  129,  
118,  117,  3 4 ) .  The i m p l i c a t i o n  o f  s p e c i f i c  i n t e r d e p e n d e n c e  
o f  p r o t e i n - p r o t e in or  p r o t e i n - R NA i n t e r a c t i o n s  suggests a 
h i g h l y  s p e c i f i c  t o p o g r a p h i c a l  r e l a t i o n s h i p  among r ibosomal  
components in  the t h r e e - d i m e n s i o n a l  r ibosome s t r u c t u r e .
Chemical  M o d i f i c a t i o n  o f  Ribosomal  P r o t e i n s
Thi s  i m p l i e d  t o p o g r a p h i c a l  r e l a t i o n s h i p  o f  r ibosomal  
components has l ed  t o  the study o f  the s t r u c t u r e  o f  the  
r ibosome by chemical  methods.  Va r i o u s  p r o t e i n  r e a ge n t s  
have been used as chemical  probes to  d e t e r mi n e  the r e l a t i v e  
" i n t e r n a l "  or  " e x t e r n a l "  p o s i t i o n  o f  the r ibosomal  p r o t e i n s ,  
l o d o a c e t a t e  ( 1 9 ) ,  N - e t h y l  ma l e i  mi de ( 8 8 ) ,  2 - m e t h o x y - 5 -  
n i t r o p r o p o n e  ( 1 9 ) ,  t r y p s i n  ( 1 9 ,  16,  2 1 ) ,  f l u o r e s c e i n  
i s o t h i o c y a n a t e  ( 5 0 ) ,  and g l u t e r a l d e h y d e  ( 5 4 )  ar e  among the  
r e a g e n t s  t h a t  have been used.  Chemical  m o d i f i c a t i o n  s t u d i e s *  
w h i l e  r e l a t i v e l y  s t r a i g h t f o r w a r d  e x p e r i m e n t a l  1 y , o f t e n  seem
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to be d i f f i c u l t  to  i n t e r p r e t  u n e q u i v o c a l l y  due to the  
degree o f  a c c e s s i b i l i t y  o f  both the p r o t e i n  and the r e ­
a c t i n g  groups w i t h i n  the p r o t e i n .  Thi s  may be one o f  the  
reasons why the agreement  among these  dat a  i s  not  good.
S t o f f l e r  e_t al  . ( 1 3 1 )  have shown t h a t  ev e r y  one 
of  the 30S p r o t e i n s  w i t h i n  i n t a c t  s u b u n i t s  have a n t i g e n i c  
s i t e s  a v a i l a b l e  f o r  i n t e r a c t i o n  w i t h  i t s  s p e c i f i c  a n t i ­
body.  Thi s  dat a  i m p l i e s  t h a t  a l l  30S p r o t e i n s  a r e  exposed  
to the  e x t e r n a l  m i l i e u  to a c e r t a i n  degr ee .  T h e r e f o r e  $ 
the use o f  chemical  m o d i f i c a t i o n  o f  the p r o t e i n s  to d e t e r ­
mine the r e l a t i v e  " i n t e r n a l "  or  " e x t e r n a l "  p o s i t i o n  o f  the  
p r o t e i n s  may be in  v a i n .  Thi s  t e c hn i qu e  may be u s e f u l ,  
however ,  t o  d e t e r mi n e  whet her  or  not  c e r t a i n  p r o t e i n s  ar e  
b u r i e d  in  the 70S r ibosome ( 5 0 ) .
Nuclease De r i v e d  R i b o n u c l e o p r o t e i n  Fragments
Another  method to probe the s t r u c t u r e  o f  the  
r ibosome i n v o l v e s  m i l d  d e g r a d a t i o n  o f  the r i bosomal  s u b u n i t  
by n uc l e a s e s .  Se ve r a l  i n v e s t i g a t o r s  have d e s c r i b e d  
c o n d i t i o n s  t h a t  have shown t h a t  c o n t r o l l e d  nuc l ease  d i ­
g e s t i o n  produces l a r g e  s u b p a r t i c l e s  f rom both 60S and 30S 
r ibosomes ( 1 ,  27 ,  32 ,  9 ,  10,  37 ,  110 ,  1 1 4 ) .  One c o n c l u s i o n  
devel oped in t hese  e x pe r i me nt s  i s  t h a t  t he  t h r e e - d i m e n s i o n a l  
s t r u c t u r e  o f  the n a t i v e  r ibosomes i n f l u e n c e s  the s u s c e p t i ­
b i l i t y  o f  the RNA to enz y ma t i c  a t t a c k .  I f  t h i s  c o n c l u s i o n  
i s  c o r r e c t ,  then the product s  o f  the n uc l e as e  d i g e s t i o n
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should r e f l e c t  gross f e a t u r e s  o f  the t h r e e - d i m e n s i o n a l  
s t r u c t u r e  o f  the  r i bosome.  Thus,  an a n a l y s i s  o f  the p r o ­
t e i n  compos i t i ons  o f  the p a r t i c l e s  r e l e a s e d  by nuc l ease  
a c t i o n  mi ght  g i v e  some c l ues  to the t h r e e - d i m e n s i o n a l  
ar r angement  o f  the p r o t e i n s .  Brimacombe,  Morgan,  O a k l e y ,  
and Cox ( 9 ,  10)  have i s o l a t e d  f ragment s  f rom the 30S sub­
u n i t  and found t h a t  t hey  c o n t a i n e d  d i f f e r e n t  p r o t e i n s .  
S c h e n d e l , Maeba,  and Craven ( 1 1 4 )  have a l s o  used nuc l ease  
to i s o l a t e  t h r e e  s u b p a r t i c l e s  f rom the 30S s u b u n i t .  The 
p r o t e i n s  on the f ragment s  were i d e n t i f i e d  and each o f  the  
21 p r o t e i n s  appeared to  be a component o f  a t  l e a s t  one o f  
the t h r e e  p a r t i c l e s .  They have a l s o  shown t h a t  compar ison  
of  the d i s t r i b u t i o n  o f  the p r o t e i n s  w i t h  t h e i r  sequence o f  
assembly suggests t h a t  those p r o t e i n s  t h a t  a re  d i r e c t l y  
i n t e r d e p e n d e n t  in  the assembly r e a c t i o n  are  a s s o c i a t e d  on 
the same s u b p a r t i c l e s .  The s u b p a r t i c l e s  i s o l a t e d  were  
t hought  to be unbroken l e n g t h s  o f  u n f o l de d  RNA a s s o c i a t e d  
w i t h  those p r o t e i n s  t h a t  i n t e r a c t  w i t h  the RNA. The sub­
p a r t i c l e s  were found to have p r o t e i n s  common t o  each o t h e r  
and were i n t e r p r e t e d  as being o v e r l a p p i n g  f r a g m e n t s .  From 
t h i s  v i e w p o i n t ,  they  were a b l e  to p o s t u l a t e  a sequence o f  
p r o t e i n s  e x i s t i n g  in the  n a t i v e  30S s u b u n i t .
Morgan and Brimacombe ( 9 1 )  and Roth and Ni er haus  
( 1 0 9 )  have used n uc l e a s e  d i g e s t i o n  to o b t a i n  a number o f
r i b o n u c l e o p r o t e i n  p a r t i c l e s .  The i n d i v i d u a l  p r o t e i n s  found
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i n s p e c i f i c  f ragment s  were i n t e r p r e t e d  as being c l o s e  
ne i ghbor s  in the 30S p a r t i c l e .  U n l i k e  Schendel  e t  al  . ( 1 1 4 ) ,  
t hese  wor kers  d i d  not  t r y  to p o s t u l a t e  a l i n e a r  sequence o f  
p r o t e i n s ,  but  t hey  i n c o r p o r a t e d  t h e i r  da t a  i n t o  a r e a r ­
ranged v e r s i o n  o f  the "assembly map,"
Whi le  the nuc l ease  d i g e s t i o n  method appears to be 
a v a l i d  method f o r  the d e t e r m i n a t i o n s  o f  s p e c i f i c  groups o f  
p r o t e i n s ,  i t  appears pr emat ure  to app l y  these r e s u l t s  to a 
l i n e a r  ar rangement  o f  the p r o t e i n s  a long the rRNA. The 
s t r u c t u r e  o f  the rRNA may be such t h a t  a l t hou gh  the p r o t e i n s  
ar e  ne i ghbor s  on a s p e c i f i c  RNP f r a g m e n t ,  t h i s  f r a g m e n t ,  
when i n c o r p o r a t e d  i n t o  the i n t a c t  30S p a r t i c l e ,  may be 
f o l d e d  in such a way t h a t  the p r o t e i n s  are  no l o n g e r  c l o s e  
n e i gh b or s .  Thus,  a l i n e a r  sequence o f  the p r o t e i n s  may 
not  have any i mpor t ance  in the d e t e r m i n a t i o n  o f  the r i b o ­
some s t r u c t u r e .  However , when such a sequence i s  a p p l i e d  
to the assembly r e l a t i o n s h i p  o f  the  30S s u b u n i t ,  q u i t e  
p o s s i b l y  much i n f o r m a t i o n  about  t he  t h r e e - d i m e n s i o n a l  o r g a n ­
i z a t i o n  o f  the p r o t e i n s  and thus the r ibosome i t s e l f  w i l l  
be g a i ne d .
Research Proposal
In summary,  s t u d i e s  to  da t e  have shown gross f e a ­
t u r e s  o f  the r i bosome.  The p r o t e i n s  have been c h a r a c t ­
e r i z e d  and i d e n t i f i e d  f o r  both the 50 and 30S s u b u n i t s  but  
more c o m p l e t e l y  f o r  the 30S p a r t i c l e .  P a r t i a l  c h a r a c t e r ­
19
i z a t i o n  o f  u n f o l de d  p a r t i c l e s  has been done,  but  on l y  
the 39S and 16S p a r t i c l e s  have been s t u d i e d  using homo­
geneous samples.  P a r t i a l  r e c o n s t i t u t i o n  o f  the 50S s u b u n i t  
has been done,  but  t o t a l  r e c o n s t i t u t i o n  o f  the 30S p a r t i c l e  
has been shown. Because o f  the r e c o n s t i t u t i o n  e x p e r i m e n t ,  
i t  i s  f e l t  t h a t  more i s  known concer n i ng  the s t r u c t u r e  o f  
t he  30S s u b u n i t ,  and c o r r e s p o n d i n g l y ,  the i n f o r m a t i o n  o f  
the t h r e e - d i m e n s i o n a l  s t r u c t u r e  would be e a s i e r  to o b t a i n .
For these  r e a s on s ,  a study to gain i n s i g h t  o f  the  s t r u c t u r e  
of  the 30S s u b u n i t  was u nd e r t a k e n .
To o b t a i n  i n f o r m a t i o n  o f  the t e r t i a r y  f o l d i n g  o f  
the r i b o n u c l e o p r o t e i n  s t r a n d  o f  the 30$ r i bosome,  i t  was 
dec ided to o b t a i n  the unf o l ded  30S p a r t i c l e ,  namely t he  233 
p a r t i c l e .  A l t hough s t u d i e s  have been made on s o l u t i o n s  
c o n t a i n i n g  t h i s  and o t h e r  p a r t i c l e s ,  i t  was f e l t  t h a t  
p h y s i c a l  s t u d i e s  o f  homogeneous 233 p a r t i c l e s  would l ead  to  
a more d e t a i l e d  i n t e r p r e t a t i o n  o f  the t e r t i a r y  f o l d i n g .  Thus,  
i t  was necessar y  to deve l op  the t e c hn i q u e s  and c o n d i t i o n s  
needed to o b t a i n  t h i s  p a r t i c l e .  The 233 p a r t i c l e  was then  
c h a r a c t e r i z e d  w i t h  s e d i m e n t a t i o n  v e l o c i t y  and e q u i l i b r i u m  
s t u d i e s  and v i s c o s i t y  measurements.
Si nce the u n f o l d i n g  appears to t a k e  p l a c e  in  d i s c r e t e  
s t e p s ,  i t  i s  f e l t  t h a t  t h i s  process i s  due to u n f o l d i n g  o f  
p a r t i c u l a r  p o r t i o n s  o f  the s u b u n i t .  I f  t h i s  i s  t r u e ,  i t  
was f e l t  t h a t  a p h y s i c a l  s h e a r i n g  o f  the ex t ended p o r t i o n ( s )  
would be p o s s i b l e .  To accompl i sh  t h i s ,  the 233 p a r t i c l e
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was s u b j e c t e d  to s o n i c a t i o n  t h a t  r e s u l t e d  in  two maj or  
p a r t i c l e s  having l ower  s e d i m e n t a t i o n  c o e f f i c i e n t s .  The 
p a r t i c l e s  were then s e p a r a t e d  and the p r o t e i n  components 
o f  each i d e n t i f i e d  by means o f  a e r y 1 ami de gel  e l e c t r o ­
p h o r e s i s .  In a d d i t i o n  to p o s t u l a t i n g  a model to f i t  the  
r e s u l t s  o b t a i n e d ,  these  dat a  were compared to p r o t e i n  




B a c t e r i  a
E s c h e r i c h i a  c o l i , s t r a i n  MRE 600 ,  which has an 
i n a c t i v e  Ri bonucl ease I ,  was used as the source o f  r i b o ­
somes. The media used to grow the b a c t e r i a  was as 




Na^Ci t r a t e ’ ZH^O
MgCI 2
CaClg
F e ( NH ^ ) 2 ( S 0 ^ ) g  
glucose  
y e a s t  e x t r a c t
0 . 4  g / l i t e r  
7 . 5  g / l i t e r  
9 . 8  g / l i t e r  
0 . 4  g / l i t e r  
0 . 0 4 2  g / l i t e r  
0 . 0 1 0  g / l i t e r  
0 . 0 1 5  g / l i t e r  
10 g / l i t e r
5 g / l i  t e r
The c e l l s  were grown u n t i l  t he  c u l t u r e  had an o p t i c a l  
d e n s i t y  o f  2 OD u n i t s  a t  650 nm. At  t h i s  t i me the c e l l s  
were i ced  and h a r v e s t e d .  The b a c t e r i a  were o b t a i n e d  
through the auspi ces  o f  Dr .  James Young and s t o r e d  a t  - 7 4 *  C 
u n t i l  r eady  f o r  use.
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65$ Ribosomes
The 653 r ibosomes were p r epar ed  by a method s i m i l a r  
to t h a t  d e s c r i b e d  by H i l l  e_t al  . ( 4 5 ) .  About  100 g o f  
b a c t e r i a  were washed t w i c e  in  250 ml o f  b u f f e r  ( 0 . 0 1 5  M 
MgClg,  0 . 5  M NH^Cl ,  0 . 01  M T r i s - H C l ,  pH 7 . 4 )  (653 b u f f e r )  
and then mixed w i t h  50 ml o f  120 p g l a ss  beads and ground  
f o r  30 minutes a t  2 2 , 0 0 0  r e v / mi  n in a G i f f o r d - Wo od  Mini  
M i l l  se t  a t  a 0 . 0 3 "  s pa c i ng .  Th i s  suspension was then  
mixed w i t h  200 ml o f  653 b u f f e r  and c e n t r i f u g e d  in a Beck­
man J-21 p r e p a r a t i v e  c e n t r i f u g e  w i t h  a JA-20 r o t o r  a t  
10 , 0 0 0  r e v /  min ( 1 2 , OOOxg) f o r  10 minutes to remove the  
g l ass  beads and l a r g e  c e l l u l a r  d e b r i s .  The r e s u l t a n t  s u p e r ­
n a t a n t  was spun a t  4 8 , OOOxg f o r  45 mi n . t o  f u r t h e r  c l a r i f y  
the s o l u t i o n .  The s u p e r n a t a n t  was then decanted and spun 
in a t ype 60 Ti  r o t o r  in a Beckman L2-65B u l t r a c e n t r i f u g e  
a t  6 0 , 0 0 0  r e v / m i n  ( 3 6 1 , OOOxg) f o r  2 hours to p e l l e t  the  
r i bosomes.  These p e l l e t s  were then resuspended i n  90 ml 
of  653 b u f f e r  and s t i r r e d  o v e r n i g h t  (16 hours )  to wash the  
r ibosomes o f  any r e s i d u a l  r i  bonuc l ease  ( 1 2 6 )  and nonr i  bosomal  
p r o t e i n  ( 6 3 ) .  On some p r e p a r a t i o n s  t h i s  wash t i me was 
shor t ened  to 6 hours .  F o l l o w i n g  the wash,  t he  r ibosome  
s o l u t i o n  was c l a r i f i e d  by c e n t r i f u g a t i o n  a t  4 8 , OOOxg f o r  45 
m i n u t e s ,  and the r ibosomes were then p e l l e t e d  by c e n t r i f u g a t i o n  
i n  a type 65 r o t o r  a t  6 5 , 0 0 0  r e v / m i n  ( 3 6 8 , OOOxg) f o r  75 
mi n u t e s .  These were then used to o b t a i n  303 s u b u n i t s .
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The 653 r ibosome p e l l e t s  were resuspended i n  about  
35 ml o f  b u f f e r  ( 0 . 0 0 1  m MgC1 g , 0.1  M KCl ,  0 . 01  M T r i s - H C l ,  
pH 7 . 4 )  ( 3 0 / 5 0  b u f f e r )  and s t i r r e d  f o r  3 hours to d i s s o c i a t e  
the r ibosomes i n t o  303 and 503 s u b u n i t s .  These su b un i t s  
were then s e p a r a t e d  by zonal  u l t r a c e n t r i f u g a t i o n  using a 
t e c hn i qu e  s i m i l a r  to t h a t  o f  E i k e n b e r r y ,  B i c k l e ,  T r a u t ,  and 
P r i c e  ( 2 8 )  as f o l l o w s :  A 10 to 30 p e r c e n t  l i n e a r  sucrose  
g r a d i e n t  in  3 0 / 5 0  b u f f e r  was g e n e r a t e d  in  a Beckman type  
T i - 1 5  r o t o r  w i t h  a B-29 i n s e r t  by produci ng  a 10 to 30% 
e x p o n e n t i a l  g r a d i e n t  formed by using 800 ml o f  36.9% (w/w)  
sucrose in the moving chamber and 550 ml o f  10% (w/w)  sucrose  
in the  f i x e d ,  mi x i ng  chamber o f  an I n t e r n a t i o n a l  Equipment  
Company G r a d i e n t  Pump. The g r a d i e n t  was pumped a t  a r a t e  
of  30 ml / mi n  i n t o  t he  o u t s i d e  edge o f  the r o t o r ,  f o l l o w e d  
by a cushion o f  550 ml o f  50% (w/w)  sucrose to  f i l l  the  
r o t o r .  A l l  l oa d i n g  and un l oa d i n g  o f  the r o t o r  was done a t  
4 to 8® C w i t h  the r o t o r  s p i n n i n g  a t  3 , 0 0 0  r e v / m i n .  Approx­
i m a t e l y  70 ml o f  sampl e ,  c o n t a i n i n g  1 to 2 g o f  303 and 503 
s u b u n i t s  in an i n v e r s e  g r a d i e n t  o f  10 to 0% (w/w)  sucrose  
i n 3 0 / 5 0  b u f f e r ,  was i n t r o d u c e d  i n t o  the c e n t e r  o f  the  
r o t o r  f o l l o w e d  by 400 ml o f  a 3 0 / 5 0  b u f f e r  o v e r l a y .  The 
r o t o r  was spun a t  121,  750xg f o r  9 hours a t  4® C. Edge un­
l oa d i n g  was accompl ished by d i s p l a c i n g  the g r a d i e n t  w i t h  
w a t e r  pumped i n t o  the c e n t e r  o f  the r o t o r  a t  a r a t e  o f  
30 m l / mi n .  F r a c t i o n s  o f  10 ml were c o l l e c t e d  on a G i l s o n
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F r a c t i o n  C o l l e c t o r  and t h e i r  absorbance a t  260 nm d e t e r ­
mined on a Cary 15 s p e c t r o p h o t o m e t e r .  The f r a c t i o n s  con­
t a i n i n g  the 30S s u b un i t s  were then poo l ed .  The p r o f i l e  o f  
a t y p i c a l  e l u t i o n  p a t t e r n  i s  shown i n  F i g u r e  1.
The 30S s u b un i t s  were r e cove r e d  f rom the sucrose  
w i t h  the e t h a n o l  p r e c i p i t a t i o n  method as d e s c r i b e d  by 
S t a e h e l i n  and M a g i o t t  ( 1 2 4 )  in which the Mg^^ c o n c e n t r a t i o n  
o f  the pooled f r a c t i o n  was r a i s e d  10 f o l d  and 1 . 5  volumes 
o f  cold e t hano l  was added.  The p r e c i p i t a t e d  s u b u n i t s  were  
then p e l l e t e d  by c e n t r i f u g a t i o n  a t  2 8 , OOOxg f o r  10 m i n u t e s ,  
and t he  p e l l e t s  were resuspended in 5 to 10 ml o f  b u f f e r  
( 0 . 0 0 1 5  M MgClg,  0 . 0 7  M KCl ,  0 . 01  M T r i s - H C l , pH 7 . 4 )
(30S b u f f e r ) . To remove the r ema i n i ng  sucrose f rom the  
s o l u t i o n ,  d i a l y s i s  a g a i n s t  30S b u f f e r  f o r  12 hours was 
n e c e s s a r y .  This  d i a l y s i s  was u s u a l l y  done in c o n j u n c t i o n  
w i t h  the d i a l y s i s  needed to o b t a i n  the 23S p a r t i c l e .  A 
S c h l i e r e n  p a t t e r n  o f  the  p u r i f i e d  30S su bun i t s  i s  g iven  in  
F i g u r e  2a.  These s u b un i t s  were used i mm e d i a t e l y  or  s t o r e d  
a t  - 7 4 *  C f o r  f u t u r e  use.
The 23$ P a r t i c l e
Stock s o l u t i o n s  o f  303 s u b un i t s  were p laced in 1 cm 
d i a m e t e r  d i a l y s i s  bags to g i v e  a minimum r a t i o  o f  1 ml o f  
sample to 200 ml o f  d i a l y s a t e .  These samples were then  
d i a l y z e d  a g a i n s t  0 . 0001  M MgC1 g , 0 . 0 7  M KCl ,  0 . 01  M T r i s - H C l ,  
pH 7 . 4  i n  d e i o n i z e d ,  d i s t i l l e d  w a t e r  ( 235 b u f f e r )  f o r  36 to
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Figure 1• Sucrose gradient elution profile from zonal centrif­
ugation of 305 and 505 ribosomes. The separation of the subunits 
was done on a 10-30% sucrose gradient in a Ti-15 rotor. The 
absorbance of 1:100 dilutions of every third tube was read at 
260 nm. The shaded area represents the fractions that were pooled 
for the isolation of 305 subunits.
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Figure 2, Schlieren patterns of 305 subunits and 235 particles; 
(a) 305 subunits, (b) 235 particles. Both pictures were taken 
12 minutes after reaching a speed of 60,000 rpm, at a temperature 
of 4 C, and a phase plate angle of 75, Sedimentation is from 
left to right.
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60 hours a t  4® C w i t h  c o n t i n u a l  s t i r r i n g .  The d i a l y s a t e  
was changed 6 t i mes d u r i n g  t h i s  p e r i o d .  The amount o f  t i me  
f o r  d i a l y s i s  was de t e r mi ned  f o r  each i n d i v i d u a l  sample by 
m o n i t o r i n g  the sample w i t h  t ime in the a n a l y t i c a l  u l t r a ­
c e n t r i f u g e  usi ng s c h l i e r e n  o p t i c s .  For  most sampl es ,  48 
hours o f  d i a l y s i s  was s u f f i c i e n t .  The r e s u l t i n g  p a r t i c l e s  
have a s e d i m e n t a t i o n  c o e f f i c i e n t  o f  23S and g i v e  a s c h l i e r e n  
p a t t e r n  as shown in F i g u r e  2b.  These samples were then  
used i mm e d i a t e l y  or  s t o r e d  a t  -74® C.
Son i ca t ed  23S P a r t i c l e s
Soni  c a t i  on o f  s t ock  s o l u t i o n s  o f  the 23S p a r t i c l e  
was done f o r  20 mi nutes  a t  the maximum s e t t i n g  on a 
B r o n w i l l  B i o s o n i k  I I I .  F i v e  ml o f  sample was p l aced  in  a 
smal l  g l a ss  beaker  and kept  in a sal  t e d - i  ce bath to mi n i mi z e  
t e m p e r a t u r e  e f f e c t s  d u r i n g  son i ca t i  o n . The r e s u l t s  o f  
son i c a t i  on are  shown in the s c h l i e r e n  p a t t e r n  g i ven  in  
F i g u r e  3a.
Zonal  c e n t r i f u g a t i o n  as p r e v i o u s l y  d e s c r i b e d  to  
i s o l a t e  the 30S s u b u n i t  was used to i s o l a t e  the p a r t i c l e s  
f rom the s o n i c a t e d  23S sample.  However ,  in t h i s  case 140 
mg of  sample was a p p l i e d  to the r o t o r ,  and the r o t o r  was spun 
a t  1 2 1 , 7 5 0 x g  f o r  20 hours .  The g r a d i e n t  was c o l l e c t e d  in  
10 ml f r a c t i o n s ,  and the absorbancy a t  280 nm de t e r mi ne d  
f o r  each f r a c t i o n .  The e x t i n c t i o n  c o e f f i c i e n t  a t  280 nm 
i s  a p p r o x i m a t e l y  one h a l f  the e x t i n c t i o n  c o e f f i c i e n t  a t
20
Figure 3. Schlieren patterns of sonicated 235 particles, 235,
155, 105, and 55 sonicated particles: (a) the results of sonic- 
ation of the 235 particle, and the particles isolated as in figure 
11, (b) 155 (upper) and 235 sonicated particles, (c) 155 and 105 
sonicated particles, and (d) 55 and 105 sonicated particles.
A standard and 1 posits/e wedge cell were utilized for (b), (c), 
and (d). The centrifugation was done at 60,000 rpm at 4° C. 
Sedimentation is from left to right.
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260 nm whi ch ,  i n  t h i s  c a se ,  enabl ed d i r e c t  a b s o r p t i o n  
d e t e r m i n a t i o n s  o f  the f r a c t i o n s  w i t h o u t  any d i l u t i o n  o f  
the f r a c t i o n s .  The a p p r o p r i a t e  f r a c t i o n s  under  each peak 
were p oo l e d ,  and the p a r t i c l e s  were re cove r e d  by e t hano l  
p r e c i p i t a t i o n  and c e n t r i f u g a t i o n  as p r e v i o u s l y  d e s c r i b e d .
The r e s u l t i n g  p e l l e t s  were resuspended in 5 ml o f  23S 
b u f f e r  and d i a l y z e d  a g a i n s t  the same b u f f e r  f o r  12 hours.  
These s o l u t i o n s  were then c o n c e n t r a t e d  to a volume of  1 . 5  
ml using Ami con CF50A C e n t r i f l o  membrane cones.  S c h l i e r e n  
p a t t e r n s  o f  these  p a r t i c l e s  are shown in F i g u r e s  3b and 3c.  
These p a r t i c l e s  were then s t o r e d  a t  -74® C.
P r o t e i n  E x t r a c t i o n
The p r o t e i n  f rom the 30S s u b u n i t ,  the 238 p a r t i c l e ,  
and the  s o n i c a t e d  238 p a r t i c l e s  was e x t r a c t e d  w i t h  66% 
a c e t i c  a c i d  as d e s c r i b e d  in Hardy e^ ( 4 1 ) .  The p r o t e i n
s o l u t i o n s  were then d i a l y z e d  a g a i n s t  6M urea f o r  12 hours  
to remove the a c e t i c  a c i d .  When n e c e s s a r y ,  p r o t e i n  s o l u t i o n s  
were c o n c e n t r a t e d  i n  an Ami con Model 8MC u l t r a f i l t r a t i o n  
c e l l  w i t h  a UM-2 membrane.
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CHAPTER I I I  
SAMPLE ANALYSIS 
C o n c e n t r a t i o n  Measurements
C o n c e n t r a t i o n  measurements were de t er mi ned  f rom
1%
260
 the o p t i c a l  d e n s i t y  measured a t  260 nm using EA^^ = 145 f o r
the SOS s u b u n i t  ( 4 5 )  and the 23S p a r t i c l e  and ^260 “ ^23 
f o r  r i  bosomal RNA ( 1 2 7 ) .  The o p t i c a l  d e n s i t y  measurements  
were made w i t h  e i t h e r  a Cary 15 or  a G i l f o r d  Model 2000  
s p e c t r o p h o t o m e t e r  a t t a c h e d  to a Beckman DU.
P r o t e i n  c o n c e n t r a t i o n s  were measured by the method 
of  Lowry ejt ( 7 4 ) ,  using bovine a lbumin (Sigma Chemical
Co . )  as a s t a n d a r d .  RNA c o n c e n t r a t i o n s  were measured by 
the o r c i n o l  method o f  Mejbaum ( 8 2 ) ,  using 16S rRNA as a 
s t a n d a r d .
A n a l y t i c a l  U l t r a c e n t r i f u g a t i o n
S e d i me n t a t i o n  v e l o c i t y  ex pe r i me nt s  to o b t a i n  the  
s e d i m e n t a t i o n  c o e f f i c i e n t s  and to d e t e r mi n e  sample p u r i t y  
were made on a Spinco Model E a n a l y t i c a l  u l t r a c e n t r i f u g e  using  
s c h l i e r e n  o p t i c s .  An AN-D r o t o r  w i t h  a 12 mm Ke l - F  c e n t e r ­
p i e c e ,  4®,  s i n g l e  s e c t o r  c e l l  w i t h  q u a r t z  windows was used.  
When two c e l l s  were u s e d , a 1° p o s i t i v e  wedge window was 
used in one c e l l  to  d i s p l a c e  i t s  image.
S e d i me n t a t i o n  c o e f f i c i e n t s  were d e t e r mi n e d  f rom 
measurements o f  t he  maximum of  the s c h l i e r e n  peak on Kodak
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Meta l  1o g r a p h i c P l a t e s  w i t h  a Nikon P r o f i l e  P r o j e c t o r  Model  
6C. These da t a  were then a n a l y z e d  by a program w r i t t e n  by 
m y s e l f  des igned f o r  a Wang 600 which gave the s e d i m e n t a t i o n  
c o e f f i c i e n t  c o r r e c t e d  f o r  the v i s c o s i t y  and d e n s i t y  o f  the  
b u f f e r .  D e t e r m i n a t i o n  o f  the s ^q  ̂ v a l u e  was made by e x t r a ­
p o l a t i n g  the  s e d i m e n t a t i o n  c o e f f i c i e n t s  o b t a i n e d  a t  a 
s e r i e s  o f  c o n c e n t r a t i o n s  c o r r e c t e d  f o r  r a d i a l  d i l u t i o n  to  
i n f i n i t e  d i l u t i o n .
Se d i me n t a t i o n  e q u i l i b r i u m  e x p er i ment s  to de t e r mi ne  
the m o l e c u l a r  w e i g h t  o f  the 235 p a r t i c l e  was made in the  
Spinco Model E a n a l y t i c a l  u l t r a c e n t r i f u g e  u t i l i z i n g  the  
h i gh- speed  t e c h n i q u e  devel oped by Ypha nt i s  ( 1 5 2 ) .  S o l u t i o n s
of  i n i t i a l  c o n c e n t r a t i o n s  between 0 . 3  to 0 . 6  mg/ml were run
using a double s e c t o r  c e l l  w i t h  a s a p h i r e  windows in an 
An-J r o t o r  a t  6 , 0 0 0  r e v / m i n  a t  4® C f o r  18 to  24 hours .  One
channel  o f  the c e n t e r p i e c e  was f i l l e d  w i t h  0 .11  ml o f
d i a l y s a t e  and the o t h e r  channel  f i l l e d  w i t h  0 . 1 0  ml o f  
sample g i v i n g  column h e i g h t s  o f  about  3 mm. R a y l e i g h  o p t i c s  
were used in the e q u i l i b r i u m  e x p e r i m e n t s ,  and the i n t e r f e r e n c e  
p a t t e r n s  were photographed on Kodak I I - G  s p e c t r o s c o p i c  p l a t e s .  
F r i n g e  p o s i t i o n s  were measured by a v e r a g i n g  the v e r t i c l e  
p o s i t i o n  o f  f i v e  s u c c e s s i v e  f r i n g e s  a t  spacings of  50 to  
100 p using the Nikon mi c r oc o mpa r a t o r  w i t h  a 50X o b j e c t i v e .  
These data  were then a na l y z e d  by a computer  program w r i t t e n  
by Dr .  Rober t  Dyson which gave n u m b e r - , w e i g h t - ,  and z -  
average m o l e c u l a r  we i gh t s  a t  any p o i n t  in  the s o l u t i o n
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column,  using a q u a d r a t i c  f i t  over  a p r e s e t  r e g i o n  around  
each p o i n t  to o b t a i n  these  av e r a g e s .
Vi  scosi  t y
R e l a t i v e  v i s c o s i t i e s  o f  the 23S p a r t i c l e  were  
measured w i t h  an Ubbelohde v i s c o me t e r  hav ing a volume o f  10 
ml and a s o l v e n t  f l o w  t ime o f  314 sec a t  20® C. A l l  f l ow  
t imes were r ecorded a t  2 0 . 0 0 0  ± 0 . 0 0 1 ®  C to a p r e c i s i o n  
of  -  0 . 0 6  sec.  D i f f e r e n c e s  in f l o w  t imes between d i a l y s a t e  
and s o l u t i o n  v a r i e d  f rom 8 to 60 sec ,  depending upon the  
c o n c e n t r a t i o n  o f  the  sample.  The reduced v i s c o s i t y  va l ues  
H s p / c ,  were c o r r e c t e d  f o r  the p a r t i a l  s p e c i f i c  volume 7 ,  
and the mass d e n s i t y ,  p,  and de t er mi ned  a t  d i f f e r e n t  con­
c e n t r a t i o n s .  S e d i me n t a t i o n  v e l o c i t y  s t u d i e s  were done to  
d e t e r mi n e  the e f f e c t  o f  the v i s c o s i t y  measurements on the  
sample.  The i n t r i n s i c  v i s c o s i t y ,  [ n ]  was de t e r mi ned  by an 
e x t r a p o l a t i o n  o f  t h e r ^ p / c  va l ues  to i n f i n i t e  d i l u t i o n .
P a r t i a l  S p e c i f i c  Volume
The a p p a r e n t  s p e c i f i c  volume (<J>) f o r  t he  23S p a r t i c l e  
was o b t a i n e d  by use o f  the r e l a t i o n :
° ^  ) 
where i s  t he  d e n s i t y  o f  the d i a l y s a t e  and p i s  the  den­
s i t y  o f  the s o l u t i o n  and c i s  the  c o n c e n t r a t i o n  o f  the 23S 
p a r t i c l e  in  g / m l . The d e n s i t i e s  o f  the d i a l y s a t e  and the
3 3
23S p a r t i c l e  s o l u t i o n s  we r e  me a s ur e d  w i t h  a D i g i t a l  D e n s i t y  
M e t e r  DMA 02C m a n u f a c t u r e d  by An t on  P a r r  i n  a c c o r d  w i t h  t h e  
d e s i g n  o f  K r a t k y  ejt ( 6 1 ) .  Each s e t  o f  me a s ur e me n t s
we r e  p r e c e d e d  and f o l l o w e d  by v e r i f i c a t i o n  o f  t h e  c a l i b r a t i o n  
c o n s t a n t  o f  t h e  i n s t r u m e n t  w i t h  t h r e e  s a l t  s o l u t i o n s  o f  
d e n s i t y  p r e v i o u s l y  d e t e r m i n e d  p y c n o m e t r i c a 11 y a t  t h e  same 
t e m p e r a t u r e .  The p r e c i s i o n  o f  t h e  d e n s i t i e s  o b t a i n e d  f r om  
me a s ur e me n t s  i s  ± 1 . 5  x 1 0 ”  ̂ when t h e  t e m p e r a t u r e  i s  c o n ­
t r o l l e d  t o  ± 0 . 0 1 ®  C,  The me a s u r e m e n t s  o f  t h e  s o l u t i o n s  f o r  
t h i s  s t u d y  w e r e  made a t  4± 0 . 0 0 5 ®  C.
The c o n c e n t r a t i o n s  o f  b o t h  t h e  d i a l y s a t e  and t h e  
r i b o s o m e  s o l u t i o n s  w e r e  o b t a i n e d  by w e i g h i n g  1 t o  3 ml o f  
t h e  s o l u t i o n s  i n t o  s t o p p e r e d  f l a s k s ,  l y o p h i l i z i n g  t h e m ,  and  
t h e n  d r y i n g  them i n  a vacuum oven a t  98 t o  100® C t o  c o n s t a n t  
w e i g h t  ( 4 5 ) .  S i n c e  no v a r i a t i o n  o f  <t> w i t h  c o n c e n t r a t i o n  was 
a p p a r e n t , we c o n c l u d e d  t h a t  <p i s  e q u a l ,  w i t h i n  e x p e r i m e n t a l  
e r r o r , t o  t h e  p a r t i a l  s p e c i f i c  vo l ume ( v )  o f  t h e  23S p a r t i c l e
E x t i n c t i o n  C o e f f i c i e n t
The 1% e x t i n c t i o n  c o e f f i c i e n t  f o r  a 1 cm c u r v e t t e  
1 y
a t  260  nm, ^ 2 6 0 *  me a s u r e d  f o r  t h e  238 p a r t i c l e  f o l l o w i n g
t h e  p r o c e d u r e  o f  H i l l  e_t a l  . ( 4 5 ) .  The c o n c e n t r a t i o n s  o f
t h e  s o l u t i o n  and d i a l y s a t e  we r e  o b t a i n e d  by w e i g h i n g  10 ml 
p o r t i o n s  i n  25 ml t a r e d  v o l u m e t r i c  f l a s k s  and l y o p h i l i z i n g  
and d r y i n g  them a t  95 t o  100® C i j i  v a c u o t o  c o n s t a n t  w e i g h t .  
The o p t i c a l  d e n s i t y  o f  t h e  o r i g i n a l  s o l u t i o n  was o b t a i n e d  on
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a Cary 15 r e c o r d i n g  s p e c t r o p h o t o m e t e r  in o r d e r  to d e t e r mi ne  
the e x t i n c t i o n  c o e f f i c i e n t .
E l e c t r o p h o r e s  i s
D i s c o n t i nu o us  e l e c t r o p h o r e s i s  in p o l y a c r y l a m i  de ge l s  
a t  pH 4 . 5  was used to a n a l y z e  the p r o t e i n  p r e p a r a t i o n s .  The 
e l e c t r o p h o r e s i s  was per formed by the m o d i f i c a t i o n  o f  the  
t ec hn i ques  o f  Hardy e_t ( 4 1 )  d e s c r i b e d  by Voynow and
Kur land ( 1 4 6 ) .  Th i s  method u t i l i z e s  two d i f f e r e n t  methy l ene  
b i s a c r y l a m i d e  c o n c e n t r a t i o n s  depending on the p r o t e i n  being  
s t u d i e d ;  0.15% ( w / v )  was used f o r  " s o f t "  g e l s ,  and 0.75% 
( w / v )  f o r  "hard"  g e l s .  The s o f t  g e l s  were 9 x 0 . 5  cm, and 
the hard ge l s  were 10 x 0 . 5  cm. The e l e c t r o p h o r e s i s  was 
c a r r i e d  out  in  a Buch l e r  P o l y a n a l y s t  Disc E l e c t r o p h o r e s i s  
Appa r a t us .  The g e l s  were f i x e d ,  s t a i n e d ,  and d e s t a i n e d  as 
in Hardy eJt ( 4 1 ) .  I t  was found t h a t  35 to 70 yg o f
p r o t e i n  in 0 .1  to 0 . 3  ml was s u f f i c i e n t  to g i v e  d a r k l y  





30S S u b u n i t  P r e p a r a t i o n
Q u a n t i t i e s  o f  150 t o  300 mg, o f  30S s u b u n i t s  we r e  
r o u t i n e l y  o b t a i n e d  w i t h  t h e  z o n a l  c e n t r i f u g a t i o n  me t h o d .  
S c h l i e r e n  p a t t e r n s  o f  t h e  s a mpl es  ( s e e  F i g u r e  2 a )  c o n s i s t ­
e n t l y  showed a s i n g l e  30S peak w i t h  f ew n o t i c e a b l e  c o n t a m ­
i n a n t s .  E x t r e m e  c a r e  was t a k e n  t o  i n s u r e  homogeneous sa mpl e s  
w i t h  no 50S s u b u n i t  peak p r e s e n t  i n  t h e  s c h l i e r e n  p a t t e r n .
S t a b l e  C o n d i t i o n s  f o r  t h e  23S P a r t i c l e
To o b t a i n  homogeneous s a mpl es  o f  23S p a r t i c l e s ,  30S 
s u b u n i t s  w e r e  d i a l y z e d  a g a i n s t  d i f f e r e n t  b u f f e r s  c o n t a i n i n g  
v a r i o u s  c o n c e n t r a t i o n s  o f  N H ^ C l , EDTA,  MgC1 g , T r i s ,  and KC l .  
W i t h  many o f  t h e  b u f f e r s  t r i e d ,  2 t o  3 d i s t i n c t  peaks  w e r e  
p r e s e n t  i n  t h e  s c h l i e r e n  p a t t e r n s .  H o w e v e r ,  t h e  b u f f e r  
c o n t a i n i n g  0 . 0 0 0 1  M M g C l ^ . 0 . 0 7  M K C l ,  0 . 0 1  M T r i s - H C l ,  
pH 7 . 4 ,  gave  homogeneous 23S p a r t i c l e s  upon e x t e n d e d  d i a l y s i s  
The amount  o f  t i m e  f o r  d i a l y s i s  was f o u n d  t o  be a c r i t i c a l  
f a c t o r  i n  o b t a i n i n g  t h e  23S p a r t i c l e s .  D i a l y s i s  f o r  l e s s  
t h a n  30 t o  40 h o u r s  gave  s a mp l e s  o f  23S p a r t i c l e s  w i t h  an 
a d d i t i o n a l  peak  i n t e r m e d i a t e  t o  23S and 30S i n  t h e  s c h l i e r e n  
p a t t e r n s .  I t  was assumed t h a t  t h i s  peak r e p r e s e n t e d  t h e  27S
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p a r t i c l e  o r  was due to a c o n f o r m a t i o n a l  e q u i l i b r i u m  between
23S and 3 0 S p a r t i c l e s .  Wi th a d d i t i o n a l  d i a l y s i s ,  homogen­
eous samples were o b t a i n e d  g i v i n g  a s c h l i e r e n  p a t t e r n  as 
shown i n  F i g u r e  l b .  As noted in  C h a p t e r  I I I ,  t he  minimum
t i me f o r  d i a l y s i s  v a r i e d  w i t h  i n d i v i d u a l  samples.  However ,
t hese  p a r t i c l e s  appeared to be q u i t e  s t a b l e  as a d d i t i o n a l  
d i a l y s i s  f o r  20 to 30 hours d i d  not  change the  s c h l i e r e n  
p a t t e r n .
PHYSICAL PROPERTIES OF THE 23S PARTICLE
S e d i me n t a t i o n  V e l o c i t y  S t u d i e s
S e d i m e n t a t i o n  c o e f f i c i e n t s  o f  the 23S p a r t i c l e  were  
measured f o r  each c o n c e n t r a t i o n  in a d i l u t i o n  s e r i e s ,  and the  
c o r r e c t e d  Sgg ^ v a l ue s  were then p l o t t e d  a g a i n s t  the c o r r e c t e d  
c o n c e n t r a t i o n s  and e x t r a p o l a t e d  to i n f i n i t e  d i l u t i o n .  The 
r e s u l t s ,  shown i n  F i g u r e  4 ,  gave an s ^q ^ = 2 3 . 3  ± .2 and were  
found to f i t  the r e l a t i o n  s ^q ^ = ( 2 3 . 3  -  . 8  c) S,  where c 
i s  measured i n  m g . / m l .  The s c h l i e r e n  p a t t e r n s  showed homo­
geneous,  s y mmet r i c a l  peaks w i t h  no mass a c c u mu l a t i o n  near  
the meniscus.
P a r t i a l  S p e c i f i c  Volume
The ac c ur a c y  o f  a m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  by 
s e d i m e n t a t i o n  e q u i l i b r i u m  i s  dependent  on the  ac cur a cy  o f  
the p a r t i a l  s p e c i f i c  volume ( v ) .  The measurements o f  v a r e  
dependent  on the a c c u r a c y  o f  the d e n s i t y  measurements which  
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Figure 4. An extrapolation to infinite dilution of the sedimenta­
tion coefficients found for the 235 particle. The values were 
corrected for radial dilution and were obtained at a speed of 60,00U 
rpm at 4 C with a phase plate angle of 75.
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the  method employed o f f e r s  ve r y  good p r e c i s i o n  f o r  the  
d e t e r m i n a t i o n  o f  v.  Th i s  v a l ue  i s  a l s o  dependent  upon the  
c o n c e n t r a t i o n  measurements which were o b t a i n e d  to a p r e c i s i o n  
of  ± 0.1%.
The v a l u e  o f  v was o b t a i n e d  using the  d e n s i t i e s  and
c o n c e n t r a t i o n s  o f  f o u r  r ibosome s o l u t i o n s  and two d i a l y s a t e
s o l u t i o n s .  A p l o t  o f  s o l u t i o n  d e n s i t i e s  versus c o n c e n t r a t i o n ,
as shown i n  F i g u r e  5 ,  g i v e s  a s l ope  equal  to  ̂ . The
c
v a l ue  f o r  the p a r t i a l  s p e c i f i c  volume was then c a l c u l a t e d  as 
d e s c r i b e d  i n  C h a p t e r  I I I .  We d e t e r mi n e d  the p a r t i a l  s p e c i f i c  
volume o f  23S r i  bosomal p a r t i c l e s  to  be 0 . 6 1 9  + 0 . 0 0 6  ml / g  
a t  4̂ * C.
V i s c o s i t y  Measurements
n ^ DThe c o r r e c t e d  reduced v i s c o s i t y  v a l u e s , —̂  , were 
o b t a i n e d  a t  a s e r i e s  o f  d i l u t i o n s  f o r  two samples and p l o t t e d  
a g a i n s t  the  c o n c e n t r a t i o n  and e x t r a p o l a t e d  to  i n f i n i t e  
d i l u t i o n .  The r e s u l t s ,  shown i n  F i g u r e  6 ,  g i v e  an i n t r i n s i c  
v i s c o s i t y  v a l ue  o f  [ q ]  " 1 1 . 0  ± 0 . 2  m l / g .
E x t i n c t i o n  C o e f f i c i e n t
No s i g n i f i c a n t  change in the  e x t i n c t i o n  c o e f f i c i e n t
1 %(E^go)  was observed f o r  the  s u b u n i t s  u n f o l d e d  i n  the low 
Mg^^ b u f f e r .  The EggQ o f  145 as measured f o r  the 30S s u b u n i t  
( 45 )  was used f o r  UV a b s o r p t i o n  d e t e r m i n a t i o n s  o f  concen­
t r a t i o n .
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Figure 5, A graph of solution density versus concentration for 
the 23S particle. The densities were determined with a Precision 
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Figure 6, An extrapolation to infinite dilution of the reduced 
viscosity values for the 235 particle. All values were obtained 
at 20° C,
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M o l e c u l a r  Wei ght
O b t a i n i n g  the  m o l e c u l a r  w e i g h t  o f  t he  23S p a r t i c l e  
by s e d i m e n t a t i o n  e q u i l i b r i u m  has proven to be d i f f i c u l t .
The a n a l y s i s  o f  the  dat a  u t i l i z e d  the method o f  the  c a l c u ­
l a t i o n  o f  p o i n t - a v e r a g e  m o l e c u l a r  we i gh t s  across  t he  s o l u t i o n  
column.  T h i s  t ype  o f  a n a l y s i s  g i v e s  a c l e a r  i n d i c a t i o n  o f  
h e t e r og e ne  i t y  a n d / o r  n o n - i d e a l i t y . F i g u r e  8 i l l u s t r a t e s  
t he  r e s u l t s  f rom one t y p i c a l  s e d i m e n t a t i o n  e q u i l i b r i u m  
run .  The h e t e r o g e n e i t y  o f  t h i s  sample i s  c l e a r l y  e v i d e n t .
The p o i n t - a v e r a g e  m o l e c u l a r  we i gh t s  ar e  not  w i t h i n  e x p e r ­
i me n t a l  e r r o r ,  and t he  number-  and w e i g h t - a v e r a g e  m o l e c u l a r
we i gh t s  i n c r e a s e  across  t he  s o l u t i o n  column.  A p l o t  o f  the
2v a l ue s  o f  In j  versus Ar f o r  t h i s  e q u i l i b r i u m  r u n ,  as 
shown i n  F i g u r e  7,  a l s o  shows the ex t reme amount o f  h e t e r o ­
g e n e i t y  o f  the sample.  For  homogeneous,  i d e a l  s o l u t i o n s ,  
one o b t a i n s  a s t r a i g h t  l i n e  f rom such a p l o t .
The f a c t  t h a t  the  e q u i l i b r i u m  runs where h e t e r o ­
geneous was d i s t u r b i n g .  The s e d i m e n t a t i o n  v e l o c i t y  s t u d i e s  
gave s c h l i e r e n  p a t t e r n s  o f  s i n g l e  sy mmet r i c a l  peaks.  T h e r e ­
f o r e ,  i t  was assumed t h a t  t h e r e  was no more than 5% contam­
i n a n t  o f  any o f  t he  sampl es .  I t  was o r i g i n a l l y  t h ough t  t h a t  
the c o n t a m i n a t i n g  s p e c i e s  was p r o t e i n .  To e l i m i n a t e  the  
p r o t e i n ,  samples were c e n t r i f u g e d  in sucrose f o r  a p e r i o d  
o f  t ime t h a t  would p e l l e t  t he  23S p a r t i c l e ,  but  not  any 
c o n t a m i n a t i n g  p r o t e i n .  The samples were a l s o  e l u t e d  on a 
Sephadex G- lOO column to s e p a r a t e  p r o t e i n  f rom t he  sample.
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A  (cm^)
2Figure 7. A graph of In C versus A  r from the sedimentation 
equilibrium data of the 235 particle. The sedimentation equil­
ibrium was done at 6,400 rpm at 4 C .
A 3
Concentrofion [Fringes]
Figure 0, Number— , weight— , and Z-average molecular weights of 
the 235 particle as determined by sedimentation equilibrium;
( #  ) number-, (■-*■ )waight-, and( A — A  ) Z-average molec­
ular weights.
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Both o f  t h e s e  methods gave r e s u l t s  s i m i l a r  to t h a t  found  
i n  F i g u r e  8.  An o t h e r  23$ sample was run t h a t  was o b t a i n e d  
f rom the zonal  c e n t r i f u g a t i o n  o f  the s o n i c a t e d  p a r t i c l e s .  
Because the  sample was o b t a i n e d  f rom a sucrose g r a d i e n t ,  
i t  was b e l i e v e d  t h a t  both p r o t e i n  and rRNA would be s e p a r a t e d  
f rom the 23S p a r t i c l e .  The e f f e c t  o f  the  son i c a t i  on on 
t hese  p a r t i c l e s  i s  not  c l e a r l y  known, however ,  the  sedimen­
t a t i o n  e q u i l i b r i u m  r e s u l t s  showed t he  same he t er ogeneous  
s o l u t i o n .
There  a r e  two p l a u s i b l e  e x p l a n a t i o n s  f o r  the  
h e t e r o g e n e i t y :
1. r i b o n u c l e a s e  d e g r a d a t i o n  o f  t he  samples r e s u l t s  
in more than one component
2.  d i s s o c i a t i o n  o f  the  p a r t i c l e  occurs d ur i n g  the  
e q u i l i b r i u m  run.
There was no e v i de nc e  f o r  the f o r me r  as s c h l i e r e n  p a t t e r n s  
f o r  the  samples gave s i n g l e ,  sy mmet r i c a l  peaks.  I f  the  
l a t t e r  e x p l a n a t i o n  i s  c o r r e c t ,  an a l t e r n a t i v e  p r e p a r a t i v e  
method i s  needed to  p r e v e n t  such d i s s o c i a t i o n  f rom o c c u r i  n g .
Because more than one component  was p r e s e n t ,  i t  was 
necessar y  to a n a l y z e  the  da t a  i n  a d i f f e r e n t  manner . I f  
o n l y  two s p e c i e s  ar e  p r e s e n t ,  the  m o l e c u l a r  we i gh t s  o f  
these two s pe c i e s  can be d e t e r m i n e d ,  u t i l i z i n g  the p o i n t -  
aver age  m o l e c u l a r  w e i g h t s  ac r oss  the s o l u t i o n  column.  Th i s  
method i s  b a s i c a l l y  t he  t w o - s p e c i e s  p l o t  method deve l oped
4 5
by Roark and Y p ha n t i s  ( 1 0 7 )  and a l s o  u t i l i z e d  by J e f f r y  
and Pont  ( 5 3 ) ,  and by T e l l e r  ejt ( 1 3 6 ) .
I t  can be shown t h a t  i f  two i d e a l  s e d i me n t i n g  s p e c i es  
of  m o l e c u l a r  w e i gh t s  and Mg w i t h  w e i g h t  f r a c t i o n s  o f  
[1 -  a ( r ) ]  and a ( r ) ,  r e s p e c t i v e l y ,  as a f u n c t i o n  o f  r a d i a l  
d i s t a n c e ,  r ,  t h a t  the number-  and w e i g h t - a v e r a g e  m o l e c u l a r  
we i gh t s  can be w r i t t e n  as f o l l o w s :
1 , _ 1 -  « ( r ) + g ( r )
M ^ ( r )  Mg
M ^ ( r )  = [1 -  o i ( r ) ]  M̂  + a ( r )  Mg.
Combining t hese  two e q u a t i o n s  g i v es  the r e l a t i o n s :
M ^ ( r ) = -M^Mg C^ ^ M^ ( r ) ]  + + Mg.
T h e r e f o r e ,  a p l o t  o f  M^ versus 1/M^ f o r  t he  p o i n t s  across  
the  s o l u t i o n  column g i v e s  a s l ope  equal  to  -M^Mg and y -  
i n t e r c e p t  equal  to M̂  + Mg. The above e q u a t i o n  can be
w r i t t e n  in t he  g e n e r a l  case as:
M|^(r)  = -M^Mg ( r ) ]  + M, + Mg.
where = M^, M^, M^, or  M^+j and M ^ i s  the nex t  l ower
a v e r a g e .
An o t h e r  probl em i n  t h i s  s t udy  i s  t h a t  o f  v.  The 
V f o r  the 235  p a r t i c l e  i s  0 . 6 1 9 .  The two most p r o b a b l e
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c o n t a m i n a t i n g  s p e c i e s  ar e  p r o t e i n  a n d / o r  rRNA t h a t  have 
p a r t i a l  s p e c i f i c  volumes o f  a p p r o x i m a t e l y  0 . 7 3  and 0 , 5 7 ,  
r e s p e c t i v e l y .  Thus,  a c a l c u l a t i o n  o f  t he  m o l e c u l a r  w e i g h t  
based upon the  v o f  the 23S p a r t i c l e  w i l l  g i v e  e r roneous  
r e s u l t s .  For  t h i s  r e a s o n ,  the p o i n t - a v e r a g e  m o l e c u l a r  
w e i gh t s  were d e t e r mi n e d  w i t h  a v a l u e  o f  7  equal  to  0 ,  g i v i n g  
a v a l ue  o f  the  term o f  (1 - vp)  equal  to 1.  These va l ues  
w i l l  be r e f e r r e d  to  as p o i n t - a v e r a g e  a v a l u e s .  The va l ues  
o f  a were then s u b s t i t u t e d  i n t o  the  e q u a t i o n s  f o r  the  two-  
spec i es p l o t .  The w e i g h t - a v e r a g e  m o l e c u l a r  we i gh t s  f o r  the  
two s p e c i e s  can then be found by usi ng the  a p p r o p r i a t e  v a l u e  
o f  V , as:
M -  ‘' I ' ?
” 1 , 2  -  ' '  . 2  
The da t a  o f  one e q u i l i b r i u m  run were a n a l y z e d  by the  
above p r o c e du r e .  P l o t s  o f  versus   ̂ and o  ̂ versus  
^^^w made as shown i n  F i g u r e  9.  The l i n e  drawn through
these p o i n t s  in F i g u r e  9 r e p r e s e n t s  the be s t  f i t  f o r  a l l  o f  
the p o i n t s .
The r e s u l t s  o f  the t w o - s p e c i e s  p l o t s  i n d i c a t e d  t h a t  
the two s p e c i es  had f a i r l y  l a r g e  m o l e c u l a r  w e i g h t s .  T h e r e ­
f o r e ,  the w e i g h t - a v e r a g e  m o l e c u l a r  w e i g h t s  were d e t e r mi ned  
using va l ue s  o f  v t h a t  c or r es pond  to  t h e  rRNA and the 23S 
p a r t i c l e .  The m o l e c u l a r  w e i g h t s  o b t a i n e d  by t h i s  p r oce dur e  
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Figure 9. Two-species plot of the sedimentation equilibrium
data; a vs. l/<r ( H ~ H )  and vs. 1/ o’ ( A — A  )•w “ “ n z w
The line represents a linear least—squares fit of the points.
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5 1 /9 . 7  X 10 da 1 t o n s . The p l o t  o f  versus g i v e s
m o l e c u l a r  w e i g h t s  o f  4 . 6  x 10^ and 1 0 . 4  x 10^ dal  t o n s .
Using both se t  o f  p o i n t s  m o l e c u l a r  w e i g h t s  o f  4 . 5  x 10^ and
1 0 . 0  X 10 dal  tons a r e  o b t a i n e d .
I t  i s  not  unr e a s o na b l e  to assume an e r r o r  o f  ± 5%
f o r  the  d e t e r m i n a t i o n  o f  the m o l e c u l a r  we i gh t s  by t h i s  two-
spe c i es  p l o t  method.  The m o l e c u l a r  w e i g h t  o f  the  l a r g e r
spe c i es  would then cor r espond  to the m o l e c u l a r  w e i g h t  o f
the  30S p a r t i c l e  ( 4 5 ) ,  w i t h i n  e x p e r i m e n t a l  e r r o r .  The
m o l e c u l a r  w e i g h t  f o r  the s m a l l e r  p a r t i c l e ,  however ,  does
not  a g r e e ,  w i t h i n  e x p e r i m e n t a l  e r r o r ,  w i t h  the v a l u e  o f
6 . 4  X 10^ da 1 tons f o r  1 6S rRNA ( 9 8 ) .  Thi s  d i s c r e p a n c y
could  be due to t he  e x p e r i m e n t a l  c o n d i t i o n s  o f  the
e q u i l i b r i u m  run .  The speed f o r  the  run was chosen f o r  a
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p a r t i c l e  hav i ng  a m o l e c u l a r  w e i g h t  o f  9 x 10 dal  t o n s . 
Assuming t h a t  t he  c o n t a mi n a n t  was rRNA, a h i g h e r  speed 
would be n ecessar y  f o r  an a c c u r a t e  d e t e r m i n a t i o n  o f  t h i s  
s p e c i e s .
SIZE AND SHAPE OF THE 23S PARTICLE
The hydrodynamic p r o p e r t i e s  o f  the 23S p a r t i c l e  ar e  
r e l a t e d  to the shape and h y d r a t i o n  o f  the  m o l e c u l e .  The 
va l ues  o f  the s e d i m e n t a t i o n  c o e f f i c i e n t ,  s ^q the  
i n t r i n s i c  v i s c o s i t y ,  [ n ] ,  the  p a r t i a l  s p e c i f i c  volume,  v ,  
and the m o l e c u l a r  w e i g h t  were used to e s t i m a t e  the shape 
and h y d r a t i o n  o f  the  23S p a r t i c l e .
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S m a l l - a n g l e  x - r a y  s c a t t e r i n g  has been done on the  
u n f o l d e d  30S p a r t i c l e  ( 1 2 0 ) .  A l t hough  t h i s  p a r t i c l e  has 
been i s o l a t e d  i n  a d i f f e r e n t  manner than the  23S p a r t i c l e  
of  t h i s  s t u d y ,  i t  i s  b e l i e v e d  t h a t  t hese  two p a r t i c l e s  ar e  
s i m i l a r ,  i f  not  the  same. These r e s u l t s  a r e  p e r t i n e n t  
to t h i s  d i s c u s s i o n  o f  p a r t i c u l a r  shape.
The anhydrous volume,  as c a l c u l a t e d  f rom t he  mo l e c ­
u l a r  w e i g h t  and v", i s  0 . 9 2 6  x 10^ A^.  The volume o f  the  
uni  form d e n s i t y  p a r a l l e l e p i p e d  as d e t e r mi n e d  by Smi th ( 1 2 0 )
6 ® o
i s  3 . 4 6  X 10 A . A volume d i f f e r e n c e  o f  t h i s  magni t ude  i s  
due to h y d r a t i o n  and asymmetry o f  t he  p a r t i c l e .  However ,  
t h e r e  was reason t o  b e l i e v e  t h a t  some e r r o r  i n  the  shape 
and volume o f  t h i s  165 p a r t i c l e  was p r e s e n t  due to the  
assumpt ion o f  a uni  f orm- dens i t y  p a r t i c l e .  T h e r e f o r e ,  i t  i s  
o f  i n t e r e s t  to d i s c us s  the  shape o f  t he  235 p a r t i c l e  as 
c a l c u l a t e d  f rom the  hydrodynamic v a l u e s .
From the m o l e c u l a r  w e i g h t  and the s e d i m e n t a t i o n  
c o e f f i c i e n t ,  the f r i c t i o n a l  r a t i o ,  f / f o ,  o f  t he  p a r t i c l e  
can be d e t e r mi n e d  by the f o l l o w i n g  r e l a t i o n s h i p  ( 1 3 2 ) :
15 (1 .  7  p )
f / f o  = 1 . 1 9  X l O ' ^  I ----------------- _  1 7 -Ô—  1 ( 1 )
V ^ 5 o . .  "
The f r i c t i o n a l  r a t i o  i s  s e p a r a t e d  i n t o  two p a r t s  which  
can be f o r m u l a t e d  as f o l l o w s :
f / f o  -  ( —  ) • I —  I ( 2 )
fo
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where s and h s i g n i f y  the f r i c t i o n a l  r a t i o s  f o r  the  shape 
and h y d r a t i o n  f a c t o r s ,  r e s p e c t i v e l y .  The f r i c t i o n a l  r a t i o  
due t o  h y d r a t i o n  i s  g i ven  by the  r e l a t i o n s h i p :
where 6 i s  the h y d r a t i o n  as grams o f  w a t e r  per  gram o f  
r i b o n u c 1e o p r o t e i n . Because the e f f e c t  o f  shape has been
f o r m u l a t e d  by P e r r i n  ( 1 0 4 )  f o r  e l l i p s o i d s  o f  r e v o l u t i o n ,  
t h i s  d i s c u s s i o n  w i l l  be l i m i t e d  to those ma t he ma t i c a l  
models.
The i n t r i n s i c  v i s c o s i t y  a l s o  c o n t a i n s  i n f o r m a t i o n  
about  the  s i z e  and shape o f  the hydrodynamic p a r t i c l e .  The 
e f f e c t  o f  asymmetry and h y d r a t i o n  on i n t r i n s i c  v i s c o s i t y
can be expr essed  by the e q u a t i o n :
[ n ]  = o ( v )  ( 7  + 67^)  ( 4 )
where o ( v )  i s  t he  Simha f a c t o r  and v^ ,  the  s p e c i f i c  volume 
of  the s o l v e n t .  T h i s  and t he  p r e v i o u s  e q u a t i o n  can be r e ­
w r i t t e n  to g i v e  v a l u e s  f o r  the  w a t e r  o f  h y d r a t i o n  as f o l l o w s
i
,[n]
6 — (   — v)  /  V ( 5 )
a ( v )  °
and
= VP [ ( f / f o ) k  - 1] (6)
51
The e f f e c t i v e  p a r t i c l e  volume can a l s o  be c a l c u l a t e d  
f rom the  hydrodynamic p a r a m e t e r s .  A hydrodynamic volume can 
be o b t a i n e d  us i ng t he  s e d i m e n t a t i o n  c o e f f i c i e n t  and the  
m o l e c u l a r  w e i g h t  f rom the  r e l a t i o n s h i p :
/ m ( l -7p)  \ 3  2 3
Vs = 1 — N l   1 /  162  p 3 ( v )  ( 7 )
where P ( v )  i s  the  P e r r i n  f u n c t i o n .  The p a r t i c l e  volume,  
u t i l i z i n g  the i n t r i n s i c  v i s c o s i t y ,  i s :
V = M - W  ( 8 )
n No Î  V }
where a ( v )  i s  the  Simha f a c t o r .  A t h i r d  r e l a t i o n s h i p  
u t i l i z i n g  the p a r t i a l  s p e c i f i c  volume g i v e s :
Vh = F
where 7^ i s  the s p e c i f i c  volume o f  the s o l v e n t .
From the above e q u a t i o n s  one can c a l c u l a t e  the  
a x i a l  r a t i o  a n d / o r  t he  w a t e r  o f  h y d r a t i o n  f o r  the 23S 
p a r t i c l e .  Because a p a r a l l e l e p i p e d  does not  e a s i l y  f i t  i n t o  
the c o n f i g u r a t i o n  o f  an e l l i p s o i d a l  model ,  we were not  
j u s t i f i e d  i n  using the d imensi ons  d e t e r mi n e d  by Smi th ( 1 2 0 ) .  
To d e t e r mi n e  a x i a l  r a t i o s ,  one must e s t i m a t e  the  h y d r a t i o n  
v a l u e .  An e s t i m a t e  o f  both p a r a m e t e r s ,  however ,  can be 
made u t i l i z i n g  the  method o f  Mehl , O n c l e y ,  and Simha ( 8 1 ) ,  
where the h y d r a t i o n  o f  r i g i d  e l l i p s o i d s  o f  e v o l u t i o n ,  
det er mi ned  f rom v i s c o s i t y  and s e d i m e n t a t i o n ,  a r e  p l o t t e d
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versus  a x i a l  r a t i o .  The o v e r l a p p i n g  ar eas  o f  p a i r s  o f  
such cur ves  i n c l u d e  the  p o s s i b l e  cho i c es  f o r  shape and 
h y d r a t i  o n .
The h y d r a t i o n  v a l u e s ,  as de t e r mi ne d  f rom the  
i n t r i n s i c  v i s c o s i t y ,  a r e  d e t e r mi n e d  d i r e c t l y  f rom e q u a t i o n  
( 5 )  u t i l i z i n g  the t a b u l a t e d  va l ue s  o f  a ( v )  ( 8 1 ) .  The 
h y d r a t i o n  v a l u e s ,  as d e t e r mi n e d  by s e d i m e n t a t i o n ,  were  
c a l c u l a t e d  u t i l i z i n g  e q u a t i o n  ( 6 ) ,  a f t e r  the va l ue s  o f  
( f / f o ) ^  were d e t e r mi n e d  f rom e q u a t i o n s  ( 1 )  and ( 2 ) .  The 
f r a c t i o n a l  r a t i o ,  f / f o ,  was c a l c u l a t e d  to be 2 . 0 3  usi ng a
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va l ue  o f  M=8.5  x 10 . T h i s  v a l u e  was chosen because o f  the  
u n c e r t a i  n t l y  o f  our  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n .  The 
v a l ue s  o f  ( f / f o ) ^  ar e  t hose c a l c u l a t e d  f rom P e r r i n ' s  
e q u a t i o n  ( 1 0 4 )  and t a b u l a t e d  by Svedberg and Pedersen ( 1 3 2 ) .
A p l o t  o f  the a x i a l  r a t i o s  versus h y d r a t i o n  is  
shown in F i g u r e  10.  R e l a t i v e  e x p e r i m e n t a l  e r r o r s  o f  ± 7% 
were i n c l u d e d  i n  t he  v a l u e s  o f  h y d r a t i o n  as d e t e r mi n e d  in  
the h y d r a t i o n  v a l u e s  d e t e r m i n e d  f rom s e d i m e n t a t i o n ,  and 
e r r o r s  o f  ± 5% were i n c l u d e d  i n  the h y d r a t i o n  v a l ue s  d e t e r ­
mined f rom v i s c o s i t y .
The f a c t  t h a t  the  cur ves  do not  cr oss  i n d i c a t e s  t h a t  
our e r r o r s  a r e  l a r g e r  than c a l c u l a t e d ,  or  t h a t  the  e l l i p s o i d a l  
models ar e  not  r e p r e s e n t a t i v e  o f  the  23S p a r t i c l e .  I f  we 
assume the v a l u e  o f  the  w a t e r  o f  h y d r a t i o n  to be 1 . 4  g 
H^O / g  RNP, the same v a l u e  as d e t e r m i n e d  f o r  the  30S s u b u n i t  
( 1 2 0 ) ,  we can d e t e r m i n e  the  shape f o r  the 2 3$ p a r t i c l e  f rom
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^Oblof Axia l  Ratio ^ P ro la te ^
Figure 10, A graph of hydration versus axial ratio for the 235 
particle; the shaded area was determined from viscosity ( *̂ ), 
and the white area was determined from sedimentation (f/f^).
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t he  graph o f  F i g u r e  10,  We f i n d  the  o b l a t e  e l l i p s o i d s  w i t h  
a x i a l  r a t i o s  o f  8:1 and 6:1 and p r o l a t e  e l l i p s o i d s  o f  7:1 
and 5:1 f i t  t he  da t a  f o r  t h i s  v a l u e  o f  6.  The aver age  a x i a l  
r a t i o  agr ees  f a i r l y  w e l l  w i t h  t h a t  d e t e r mi n e d  by Smith ( 1 2 0 )  
The hydra ted volumes o f  t hese  e l l i p s o i d s  are 3 x 10^
o 3
A as c a l c u l a t e d  f rom e q u a t i o n s  ( 7 )  and ( 8 ) .  The h y d r a t e d  
p a r t i c l e  volume as c a l c u l a t e d  f rom e q u a t i o n  ( 9 )  i s  a l s o  
3 X 10^ ( 1 2 0 ) .  The volumes c a l c u l a t e d  f rom the 23S
p a r t i c l e  o b t a i n e d  in low Mg^^ ( t h i s  s t u d y )  and the volume 
of  the u n f o l d e d  p a r t i c l e  o b t a i n e d  w i t h  EDTA ( S m i t h ,  120)  
appear  to  be in  the  same r a n g e . However ,  t h i s  agreement  
i s  q u i t e  p o s s i b l y  t o t a l l y  m i s l e a d i n g .  The volume o f  the  
u n i f o r m d e n s i t y  p a r a l l e l e p i p e d ,  r e p r e s e n t i n g  the p a r t i c l e  
in s o l u t i o n  as seen by x - r a y s , cor r esponds to the volume in  
which t h e r e  i s  an av er age  e l e c t r o n  d e n s i t y  g r e a t e r  than the  
s u r r ou n d i n g  medium. T h i s  volume i n c l u d e s  the r i bosomal  
p a r t i c l e  and volume occ up i e d  by the s o l v e n t  w i t h i n  the  
s u b u n i t .  Our c a l c u l a t e d  hydrodynamic volumes i n c l u d e  both  
the i n t e r n a l  and e x t e r n a l  h y d r a t i o n .  T h e r e f o r e ,  i f  these  
p a r t i c l e s  a r e  s i m i l a r ,  i t  would appear  t h a t  no e x t e r n a l  
h y d r a t i o n  e x i s t s .  T h i s  seems i mp r o ba b l e  as the  30S s u b u n i t  
has a p p r o x i m a t e l y  60% e x t e r n a l  h y d r a t i o n .  I t  i s  more l i k e l y  
t h a t  the volume c a l c u l a t e d  f rom s m a l l - a n g l e  x - r a y  s c a t t e r i n g  
i s  much to h i g h ,  due to  t he  assumed shape or  the r a d i u s  o f  
g y r a t i o n .  On t he  o t h e r  hand,  the two p a r t i c l e s  may be 
t o t a l l y  d i s s i m i l a r ,  and our  compar isons ar e  not  j u s t i f i e d .
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I n  e i t h e r  case $ f u r t h e r  a n a l y s i s  seems nec es sar y  to e x p l a i n  
the  volume d i s c r e p a n c i e s  o f  the u n f o l d e d  p a r t i c l e s .
SONICATED 235 PARTICLES
Son i c a t i o n  o f  the 23S P a r t i c l e
The r e s u l t s  o f  the s o n i c a t i o n ,  as shown i n  F i g u r e  
3,  gave two ma j or  p a r t i c l e s  o t h e r  than t he  f a s t e s t  s e d i ­
ment ing 23S p a r t i c l e .  A s l o we r  s e d i m e n t i n g  p a r t i c l e  i s  
a l s o  p r e s e n t  in t he  s c h l i e r e n  p a t t e r n .  The s o n i c a t i o n  
was t r i e d  f o r  v a r i o u s  p e r i o d s  o f  t i me a t  d i f f e r e n t  i n t e n s i t y  
s e t t i n g s ,  but  i t  was found t h a t  the  maximum s e t t i n g  gave 
the bes t  r e s u l t s .  The d u r a t i o n  o f  s o n i c a t i o n  was i m p o r t a n t  
and v a r i e d  s l i g h t l y  w i t h  the sample .  Each sample was 
moni t o r ed  v i a  s e d i m e n t a t i o n  v e l o c i t y  e x p e r i me n t s  to d e t e r ­
mine i f  t he  s o n i c a t i o n  t i me  was s u f f i c i e n t  to  produce s l ower  
se d i me n t i n g  p a r t i c l e s .  I t  was found t h a t  i n c r e a s e d  p e r i o d s  
o f  s o n i c a t i o n  gave p r o p o r t i o n a t e l y  d ecr eased  amounts o f  23S 
p a r t i c l e s  and i n c r e a s e d  amounts o f  s l owe r  se d i me nt i ng  
p a r t i c l e s .  However ,  t he  t i me  o f  s o n i c a t i o n  was l i m i t i n g  in  
the sense t h a t  f u r t h e r  breakdown o f  a l l  t he  p a r t i c l e s  
occur red  w i t h  t o t a l  d e g r a t i o n  observed w i t h  ext reme c o n d i t i o n s  
T h e r e f o r e ,  20 to  25 mi nut e s  o f  s o n i c a t i o n  was deemed s u f ­
f i c i e n t  and o p t i m a l .
The 305 p a r t i c l e  was s u b j e c t e d  to s o n i c a t i o n  w i t h  
s i m i l a r  c o n d i t i o n s  as used f o r  the 235 p a r t i c l e  in o r d e r  to
5 6
d e t e r m i n e  I f  s o n i c a t i o n  was l o o s e n i n g  or  d i s r u p t i n g  the  
p a r t i c l e .  No s i g n i f i c a n t  d i f f e r e n c e  was seen in the  
s c h l i e r e n  p a t t e r n s  o f  the 30S p a r t i c l e  b e f o r e  and a f t e r  
soni  c a t i  o n .
The s e p a r a t i o n  o f  the s o n i c a t e d  23S p a r t i c l e s  w i t h  
zonal  c e n t r i f u g a t i o n  as d e s c r i b e d  p r e v i o u s l y  gave good 
s e p a r a t i o n  as shown i n  F i g u r e  11.  The s c h l i e r e n  p a t t e r n s  o f  
the i s o l a t e d  p a r t i c l e s  ar e  shown in F i g u r e  3.  The u n c o r ­
r e c t e d  s e d i m e n t a t i o n  c o e f f i c i e n t s  o f  t hese  p a r t i c l e s  a r e  
4 . 5 ,  9 . 4 ,  15,  and 23S.  These p a r t i c l e s  w i l l  be r e f e r r e d  
to as the  5S,  lOS,  15$ ,  and 233 p a r t i c l e s ,  r e s p e c t i v e l y .
RNA and P r o t e i n  C o n c e n t r a t i o n  D e t e r m i n a t i o n s
The RNA and p r o t e i n  d e t e r m i n a t i o n s  were found as
d e s c r i b e d  in  Ch a p t e r  I I I .  The v a l ue s  o f  33% p r o t e i n  and
67% RNA ( 6 3 )  f o r  t he  305 p a r t i c l e  g i v e  a r a t i o  o f  p r o t e i n /
RNA o f  0 . 4 9 .  The v a l u e s  d e t e r mi n e d  f o r  the  233 p a r t i c l e
and s o n i c a t e d  p a r t i c l e s  a r e  g i v e n  as t he  r a t i o  o f  p r o t e i n /
RNA i n  T a b l e  1.  The v a l u e  o f  0 . 5 0  f o r  the 233 p a r t i c l e
1 %
was o b t a i n e d  usi ng an ^260 " T 45 f o r  the  p a r t i c l e  g i v i n g  
33% p r o t e i n  and 65% RNA. The v a l u e  f o r  the RNA i s  s l i g h t l y  
low,  but  i s  w i t h i n  e x p e r i m e n t a l  e r r o r .  Because the e x t i n c t i o n  
c o e f f i c i e n t s  f o r  the  53 ,  103 ,  and 153 p a r t i c l e s  were not  
d e t e r m i n e d ,  t h e r e  was no way to  d e t e r m i n e  t he  a c t u a l  pei  
centages o f  p r o t e i n  and RNA. However ,  the r a t i o  f o r  the  10 
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Figure 11. Sucrose gradient elution profile from zonal centrifu­
gation of particles derived from the sonication of the 235 parti­
cle, The separation of the particles was done on a 10-30% sucrose 
gradient in a Ti-15 rotor. The shaded areas represent those 
fractions used for further study.
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t he  r e l a t i v e  amounts o f  p r o t e i n  and RNA ar e  the same. On 
the o t h e r  hand,  t he  5S p a r t i c l e  shows a much l ower  r a t i o  
o f  p r o t e i n  to  RNA.
Ta b l e  1. D e t e r m i n a t i o n  o f  
methods o f  Lowry
p r o t e i  n 
( 7 4 )  and
and RNA c o n c e n t r a t i o n s  by 
Mejbaum ( 8 2 ) .
P a r t i  c l e % P r o t e i n %RNA pg.  P r o t e i  n / p g . RNA
303* 33 67 .49
233 33 65 . 50
153 — — — — .47
103 — — — — .47
53 — — — — .16
^The va l ue s  f o r  the  30$ p a r t i c l e  a r e  those d e t e r mi ne d  by 
Kur l and ( 6 3 ) .
A c r y l a mi d e  Gel E l e c t r o p h o r e s i s
Gel p a t t e r n s  f o r  the  30S p r o t e i n s ,  t he  233 p r o t e i n s ,  
and the s o n i c a t e d  p a r t i c l e  p r o t e i n s  ar e  shown in F i g u r e  12.  
P r o t e i n  i d e n t i f i c a t i o n s  were made on t he  b a s i s  o f  t he  com­
p a r i s o ns  d e s c r i b e d  by Wi t tman e_t ( 1 5 1 )  and the gel
p a t t e r n s  shown by Voynow and Kur l and  ( 1 4 6 )  and Schendel  e_t 
( 1 1 4 ) .  The gel  p a t t e r n s  f o r  the  303 p r o t e i n s  ar e  not  
e x a c t l y  the  same as we o b t a i n e d .  However , our  ass i gnment  
was made by compar ing our  g e l s  o f  t he  303 p r o t e i n s  w i t h  the  
p u b l i s h e d  r e s u l t s .  The p r o t e i n  i d e n t i f i c a t i o n  o f  the o t h e r  








Figure 12, Acrylamide gel electrophoresis of proteins from 
the 305 subunit, 235 unfolded particle, and the sonicated 235 
particles: a) 305 proteins b) 235 proteins c) sonicated
235 proteins d) 155 proteins e) 105 proteins.
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p a t t e r n  o b t a i n e d  f o r  the  30S p r o t e i n s .  A l t hough  our  method 
o f  ass i gnment  o f  p r o t e i n  bands mi ght  be s l i g h t l y  ambiguous,  
t he  i d e n t i f i c a t i o n  o f  the p r o t e i n s  a r e  c o n s i s t e n t  w i t h  our  
305 s u b u n i t s .  The r e s u l t s  a t  t h i s  t i me ar e  t e n t a t i v e .  
However ,  we do f e e l  the i d e n t i f i c a t i o n s  o f  the p r o t e i n s  ar e  
f a i r l y  good.
I t  was found t h a t  the p r e p a r a t i v e  p r ocedur e  a l t e r e d  
the gel  p a t t e r n s  o f  the 305 p r o t e i n s .  The d i f f e r e n c e  can 
be seen in F i g u r e  12a and 12b.  The p r o t e i n s  in  F i g u r e  12a 
ar e  f rom 305 s u b u n i t s  t h a t  underwent  8 hours o f  washing in  
0 . 5  M NH^Cl ,  w h i l e  those in F i g u r e  12b are  f rom 305 s ub un i t s  
t h a t  were washed f o r  12 hours in 0 . 5  M NH^Cl . The main 
d i f f e r e n c e  between the  two seems to be a l oss o f  3 to 5 
bands near  the top o f  the gel  p a t t e r n  o f  the 12 hour washed 
s u b u n i t s .  Th i s  c o n f i r m s  K u r l a n d ' s  f i n d i n g s  ( 6 3 )  t h a t  high  
s a l t  wash does i ndeed remove p r o t e i n s .
The b as i s  o f  our  i d e n t i f i c a t i o n s  were made f rom the  
p a t t e r n s  o b t a i n e d  w i t h  the " h a r d " ,  1.5% bi  s - a c r y l a m i  de g e l s .  
The " s o f t " ,  0.75% g e l s ,  were not  used s i nce  ambiguous r e s u l t s  
were o b t a i n e d  when we t r i e d  to i d e n t i f y  the p r o t e i n s  o f  the  
s o n i c a t e d  p a r t i c l e s  by compar ison to the gel  p a t t e r n s  o f  the  
305 p a r t i c l e .  The e l e c t r o p h o r e t i c  p a t t e r n  o f  the "hard"  
gel s  g ives  1 5 - 1 6  bands as c e r t a i n  p r o t e i n s  m i g r a t e  a t  the  
same r a t e .  The r e l a t i v e  i n t e n s i t y  o f  a band i s  i n d i c a t i v e  
of  the amount o f  p r o t e i n  p r e s e n t  and can be used f o r  sub­
j e c t i v e  i d e n t i f i c a t i o n  o f  a p r o t e i n ,  Densi  t o m e t r i  c t r a c i n g s
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o f  t he  s t a i n e d  g e l s  to q u a n t i t a t e  the  d i f f e r e n c e s  between  
p r o t e i n  bands were not  done,  but  v i s u a l  i n t e r p r e t a t i o n  o f  
t he  r e l a t i v e  i n t e n s i t i e s  was used in t h e  d e t e r m i n a t i o n  o f  
the p r o t e i n s .
From the  gel  p a t t e r n s  o f  F i g u r e  12,  i t  can be seen 
t h a t  p r o t e i n s  S3,  54 ,  and 38 are  not  p r e s e n t  i n  the 103 
p a r t i c l e .  The band f o r  p r o t e i n s  35 and 36 and the p r o t e i n  
band f o r  37 ar e  a b s e n t  i n  the 153 gel  but  a r e  f a i n t l y  p r e s ­
ent  i n  the  103 g e l .  Because 35 and 36 a r e  not  d i f f e r e n t i a t e d ,  
both p r o t e i n s  ar e  ass i gned  to the  103 p a r t i c l e .  I t  i s  
ambiguous as to wh e t h e r  both p r o t e i n s  39 and 311 a r e  r e s o l v e d ,  
but  t h i s  band i s  r e l a t i v e l y  more i n t e n s e  in  the 153 p a r t i c l e  
than i n  the  103 p a r t i c l e ,  and t hese  p r o t e i n s  ar e  ass i gned  
to the 153 p a r t i c l e .  The band f o r  p r o t e i n s  312 and 313 ar e  
p r e s e n t  i n  both g e l s  but  o f  g r e a t e r  r e l a t i v e  i n t e n s i t y  i n  the  
103 p a r t i c l e .  T h i s  could  p o s s i b l y  suggest  o n l y  one o f  the  
two p r o t e i n s  a r e  a s s o c i a t e d  w i t h  the  153 p a r t i c l e ,  however ,  
these p r o t e i n s  a r e  a s s i g n e d  to t he  common g r o u p . The band 
f o r  p r o t e i n s  3 1 4 ,  3 1 5 ,  3 1 6 ,  and 317 i s  s i m i l a r  to the 312 ,
313 band,  but  the  i n t e n s i t y  i s  much l i g h t e r  f o r  the 103 
p a r t i c l e .  P r o t e i n  317 has a g r e a t e r  r e l a t i v e  i n t e n s i t y  in  
the 153 g e l ,  w h e r e a s , 320 i s  p r e s e n t  to  a g r e a t e r  degree  in  
the 103 p a r t i c l e .  A summary o f  t he  p r o t e i n s  found in each 
of  the p a r t i c l e s  s t u d i e d  i s  shown i n  T a b l e  2.
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T a b l e  2.  P r o t e i n s  found on the  p a r t i c l e s  i s o l a t e d  f rom the  
s o n i c a t i o n  o f  the 23S p a r t i c l e .  The unique p r o ­
t e i n s  a r e  those found o n l y  on one p a r t i c l e  and not  
the  o t h e r .  The common p r o t e i n s  ar e  those found on 
both p a r t i c l e s .
15S P a r t i c l e  
Unique P r o t e i n s Common P r o t e i n s
105 P a r t i c l e  













P h y s i c a l  C h a r a c t e r i z a t i o n  o f  the Unf o l ded  P a r t i c l e
The r e s u l t s  o f  t h i s  study demonst r a t e  t h a t  the SOS 
s u b u n i t  undergoes an e x t e n s i v e  c o n f o r m a t i o n a l  change upon 
exposure to low Mg^^ c o n c e n t r a t i o n s .  I t  i s  b e l i e v e d  t h a t  
t h i s  c o n f o r m a t i o n a l  change i s  r e p r e s e n t a t i v e  o f  a l oos e n i ng  
or  u n f o l d i n g  o f  t he  t e r t i a r y  s t r u c t u r e  o f  the r ibosome.  
Al t hough u n f o l d e d  p a r t i c l e s  have been p r e v i o u s l y  observed  
in v a r i o u s  b u f f e r  sys t ems ,  a thorough study to  d e t e r m i n e  the  
p r o p e r t i e s  o f  t h e s e  p a r t i c l e s  has not  been done.  In t h i s  
s t u d y , a number o f  p h y s i c a l  p r o p e r t i e s  to c h a r a c t e r i z e  the  
unf o l ded  p a r t i c l e  have been d e t e r m i n e d .
The s e d i m e n t a t i o n  c o e f f i c i e n t  ( s ^q ^ ) decreases  
f rom 3 1 . 8S ( 4 5 )  to  2 3 . 3S w h i l e  t he  i n t r i n s i c  v i s c o s i t y  i n ­
cr eases f rom 8 . 1  ( 4 5 )  to 1 1 . 0  m l / g .  Both o b s e r v a t i o n s  are  
c o n s i s t e n t  w i t h  t he  i dea  o f  a loosened c o n f o r m a t i o n  o f  the  
r ibosomal  s u b u n i t .  The l a r g e  change t h a t  occurs in  these  
p h y s i c a l  par a me t e r s  i n d i c a t e s  t h a t  t he  23S p a r t i c l e  i s  more 
asymmetr ic  a n d / o r  h y d r a t e d  than the 30S s u b u n i t .  Based on 
the assumpt ion t h a t  the  h y d r a t i o n  i s  unchanged f rom the 30S 
s u b u n i t ,  the 23S p a r t i c l e  has a c a l c u l a t e d  a x i a l  r a t i o  o f  
a p p r o x i m a t e l y  7 : 1 .  The a x i a l  r a t i o  i s  c l o s e  to t h a t  d e t e r ­
mined w i t h  s m a l l - a n g l e  x - r a y  s c a t t e r i n g  ( 1 2 0 )  o f  the  un f o l d e d  
p a r t i c l e  o b t a i n e d  f rom exposur e  o f  the  305 s u b u n i t  to EDTA.
6 4
The a x i a l  r a t i o  f o r  t he  23$ p a r t i c l e  was c a l c u l a t e d  
usi ng the  assumpt i on t h a t  the u n f o l d e d  p a r t i c l e  could  be 
ap p r o x i ma t e d  by a s i mpl e  e l l i p s o i d a l  mo d e l . C o n v e r s e l y ,  the  
u n f o l d e d  p a r t i c l e  o b t a i n e d  f rom EDTA exposure appr ox i mat ed  
a p a r a l l e l e p i p e d  having s i des  in  the  r a t i o  1 : 4 : 8  ( 1 2 0 ) .
A 23S " c or e "  p a r t i c l e ,  which was o b t a i n e d  by removing 30-40% 
of  the p r o t e i n  f rom the  303 s u b u n i t ,  was a l s o  found to be 
more extended than the  30S s u b u n i t  and was appr ox i mat ed  by 
a 1 : 4 : 8  t r i a x i a l  e l l i p s o i d  ( 1 2 0 ) .  The p a r a l l e l e p i p e d  or  
the t r i a x i a l  e l l i p s o i d  may be s u i t a b l e  models f o r  the 23$ 
p a r t i c l e  i n  t h i s  s t u d y .  Whatever  the  ca se ,  i t  would be 
i mp o s s i b l e  to c a l c u l a t e  an e x a c t  a x i a l  r a t i o  f rom our  d a t a .  
This  s i g n i f i c a n t  f a c t o r ,  however ,  i s  t h a t  the  23$ p a r t i c l e  
e x h i b i t s  g r e a t e r  asymmetry than the  30$ s u b u n i t  w i t h  an 
i n c r e a s e  o f  a t  l e a s t  50% in the a x i a l  r a t i o .
The measured v a l u e  o f  0 . 6 1 9  m l / g  f o r  the  p a r t i a l  
s p e c i f i c  volume o f  t he  23$ p a r t i c l e  i s  s i g n i f i c a n t l y  h i g h e r  
than the v a l u e  o f  0 . 5 91  ml / g  measured f o r  30$ s u b u n i t  ( 4 5 ) .  
This would i n d i c a t e  t h a t  t he  d e n s i t y  of  the u n f o l de d  
p a r t i c l e  i s  l e s s  than t h a t  o f  the  i n t a c t  s u b u n i t .  The 
hydrodynamic volume c a l c u l a t e d  f o r  the 23$ p a r t i c l e  i s  
a p p r o x i m a t e l y  2400 ml / mo 1e o f  23$ g r e a t e r  than t h a t  o f  the  
30S s u b u n i t ,  as c a l c u l a t e d  f rom t he  i n t r i n s i c  v i s c o s i t y  ( 1 2 0 ) .  
This i n c r e a s e  i n  volume would r e p r e s e n t  an i n c r e a s e  o f  
a p p r o x i m a t e l y  0 . 0 3  m l / g ,  which i s  t he  measured d i f f e r e n c e  
of  the 7  between t he  23S and 30S p a r t i c l e s .  The c a l c u l a t e d
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volumes f o r  t h e s e  p a r t i c l e s  c o n t a i n  a c e r t a i n  amount o f  
e r r o r  and,  t h u s ,  t he  change in the p a r t i c l e  volume should  
not  be r e g a r d e d  as s o l e l y  r e s p o n s i b l e  f o r  the  d e n s i t y  
d i f f e r e n c e  between t he  i n t a c t  s u b u n i t  and the un f o l ded  
p a r t i c l e .  Any d i s r u p t i o n  o f  p r o t e i n - p r o t e i n  a n d / o r  p r o t e i  n-  
rRNA i n t e r a c t i o n s  d ur i n g  the u n f o l d i n g  process could a l s o  
account  f o r  the  d e n s i t y  d e c r e a s e .
The v a l u e  o f  t he  e x t i n c t i o n  c o e f f i c i e n t  i s  the same 
as measured f o r  t he  30S s u b u n i t  ( 4 5 ) .  Thi s  i s  c o n s i s t e n t  
w i t h  the i dea  t h a t  t he  u n f o l d i n g  process a f f e c t s  the t e r t i a r y  
s t r u c t u r e  o f  t h e  s u b u n i t  but  does not  d i s r u p t  the secondary
s t r u c t u r e  o f  the  rRNA.
The m o l e c u l a r  w e i g h t  de t e r mi n e d  by s e d i m e n t a t i o n  
e q u i l i b r i u m ,  u t i l i z i n g  the t w o - s p e c i es p l o t  o f  versus  
1/M^,  g i v e s  a v a l u e  o f  9 . 7  x 10^ dal  tons f o r  the  23S p a r t i c l e .  
This va l ue  appears to  be w i t h i n  e x p e r i m e n t a l  e r r o r  o f  the  
m o l e c u l a r  w e i g h t  f o r  the  30S p a r t i c l e  ( 4 5 ) .  A l t hough the
m o l e c u l a r  w e i g h t  f o r  t he  23S p a r t i c l e  i s  h i g h e r  than the
va l ue  f o r  the 30S s u b u n i t ,  the  e x a c t  e x p e r i m e n t a l  e r r o r  is  
not  known. Thus,  the  m o l e c u l a r  w e i g h t  o f  t he  unf o l ded  
p a r t i c l e  could  be l e s s  than t he  s u b u n i t  due to a l oss  o f  
RNA a n d / o r  p r o t e i n .  However ,  a p r o b a b l e  minimum f o r  the
5
m o l e c u l a r  w e i g h t  seems to be 8 . 3  x 10 .
I f  a l a r g e  p i e c e  o f  RNA w i t h  a m o l e c u l a r  w e i g h t  o f  
a p p r o x i m a t e l y  7 0 , 0 0 0  was sheared  f rom the p a r t i c l e  d u r i n g  
the p r e p a r a t i v e  p r o c e d u r e ,  the e v i d e n c e  o f  such a f r agment
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should be seen in t he  s e d i m e n t a t i o n  v e l o c i t y  e x p e r i m e n t s .  
However ,  no such p a r t i c l e  was o b s e r v e d . Al t hough r i  bo­
nucl  ease d i g e s t i o n  could  cause a d ecr ease  in the m o l e c u l a r  
w e i g h t ,  t he  23S p a r t i c l e s  were q u i t e  s t a b l e  i n d i c a t i n g  the  
l a k e  o f  such e n z y ma t i c  a c t i v i t y .
The l oss  o f  p r o t e i  n s ( s ) f rom the  s u b u n i t  du r i n g  the  
u n f o l d i n g  process i s  a more p r o b a b l e  f a c t o r  t h a t  could  cause  
a dec r ea se  in t he  m o l e c u l a r  w e i g h t .  I f  the f a c t o r s  i n v o l v e d  
in the b i n d i n g  o f  t he  p r o t e i n  a r e  c o n s i d e r e d  to be p r o t e i  n-  
RNA or  p r o t e i n - p r o t e i n  i n t e r a c t i o n s ,  i t  i s  p o s s i b l e  t h a t  a 
p a r t i a l  d i s r u p t i o n  o f  such i n t i m a t e  f o r c e s  occurs when the  
30$ s u b u n i t  i s  s t r u c t u r a l l y  a l t e r e d ,  a l l o w i n g  some p r o t e i n s  
to d i f f u s e  away.  The s t u d i e s  o f  Nomura and coworkers ( 9 6 ,  
140)  have i n d i c a t e d  a p r o t e i n - r i  bosome s t r u c t u r e  i n t e r ­
dependence t h a t  mi ght  a l l o w  such p r o t e i n  l oss  i n  u n f o l d i n g  
the 305 s u b u n i t .
The a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  showed no q u a n t ­
i t a t i v e  d i f f e r e n c e  between t he  p r o t e i n s  o f  the s u b u n i t  and 
the 235 p a r t i c l e .  D i f f e r e n c e s  i n  t he  r e l a t i v e  i n t e n s i t i e s  
of  p r o t e i n  bands between the  30$ and 23$ p a r t i c l e s  were  
observed and mi ght  be c o n s i d e r e d  as i n d i c a t i v e  o f  a p r o t e i n  
l os s .  P r o t e i n  $1 and p o s s i b l y  $ 2 1 ,  however ,  were found to  
be absent  f rom t he  23$ p a r t i c l e .  Because $1 and $21 are  
f r a c t i o n a l  p r o t e i n s ,  one can not  assume t h a t  a l oss o f  
these p r o t e i n s  w i l l  d e c r e a s e  t he  m o l e c u l a r  w e i g h t  o f  the  
p a r t i c l e  by an amount equal  to t he  mass o f  the two p r o t e i n s .
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The w e i g h t - a v e r a g e  m o l e c u l a r  w e i g h t s  o f  SI and 321 a r e  6 5 , 0 0 0  
and 2 0 , 0 0 0  dal  t o n s , r e s p e c t i v e l y ,  and a r e  p r e s e n t  in the  
r ibosomes a t  a p p r o x i m a t e l y  0 .1  copy per  r i bosome.  Thus,  the  
m o l e c u l a r  w e i g h t  o f  t h e  235 p a r t i c l e  cou l d  not  be ex p e c t e d  to  
have a m o l e c u l a r  w e i g h t  t h a t  i s  l e s s  than 8 . 9  x 10^ dal  tons  
due to  t he  l oss  o f  t h e s e  two p r o t e i n s .  Th i s  same argument  
can a l s o  be a p p l i e d  to  t he  f r a c t i o n a l  p r o t e i n s  as a who l e .
I f  a l l  f r a c t i o n a l  p r o t e i n s  were l o s t  d u r i n g  the u n f o l d i n g  
pr o c e s s ,  one would e x p e c t  a ne t  d e c r e a s e  o f  a p p r o x i m a t e l y
7 0 , 0 0 0  dal  t o n s .
The scheme o f  u n f o l d i n g  p r e s e n t s  an i n t e r e s t i n g  
p i c t u r e .  I t  seems a p p r o p r i a t e  to t h i n k  t h a t  an RNP s t r a n d  
on the p e r i  f e r a l  p o r t i o n  o f  the  r i bosome u n f o l d s  and ex t ends  
away f rom the main p o r t i o n  o f  the  r i b os ome .  Because t he  smal l  
dimension o f  the  303 s u b u n i t  and t he  EDTA- unf o l ded  s u b u n i t  
have been shown to  be e s s e n t i a l l y  the  same by s m a l l - a n g l e  
x - r a y  s c a t t e r i n g  ( 1 2 0 ) ,  we may assume t h a t  the 233 p a r t i c l e
o
of  t h i s  s t udy  i s  s i m i l a r .  The 50 A smal l  d imension o f  
t hese  p a r t i c l e s  c o r r e s p o n d s  a p p r o x i m a t e l y  to a monopr o t e i n  
l a y e r  t h a t  i s  h e l d  t o g e t h e r  by rRNA. As Kur l and has p o i n t e d  
out  ( 6 5 ) ,  the a v e r a g e  r i b o s o m a l  p r o t e i n  has a m o l e c u l a r  w e i g h t  
of  2 0 , 0 0 0  w i t h  an a v e r a g e  v o f  0 . 7 4  m l / g ,  which would cor r espond
o
to an anhydrous g l o b u l a r  p r o t e i n  w i t h  a d i a m e t e r  o f  36 A.  
A d d i t i o n  o f  the  h y d r a t i o n  f a c t o r  would e f f e c t i v e l y  i n c r e a s e  
the d i a m e t e r  o f  t he  p r o t e i n .  Because t he  p r o t e i n  account s  
f o r  a l a r g e  p a r t  o f  t h e  smal l  d i m e n s i o n ,  i t  i s  f e a s i b l e  
t h a t  the u n f o l d e d  p o r t i o n  o f  p r o t e i n  and rRNA a l s o  has a smal l
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di mensi on  o f  50 A. The 30S s u b u n i t  has been appr ox i mat ed  by 
a 1 : 4 : 4  o b l a t e  e l l i p s o i d  and appears  to be e s s e n t i a l l y  
p l a n a r .  A l t h ou gh  the  u n f o l d i n g  process appears to occur  
i n  one d i m e n s i o n ,  we can not  assume t h a t  the l oosened  
p o r t i o n  o f  RNP l i e s  w i t h i n  the same p l ane  as the main body 
o f  the  r i bosome.  Thus,  i t  i s  easy to p i c t u r e  the u n f o l ded  
s u b u n i t  as a v e r y  t h i c k ,  bent  c o i n .
S on i c a t e d  P a r t i c l e s
The s c h l i e r e n  p a t t e r n  o f  the s o n i c a t e d  235 p a r t i c l e  
shows f o u r  peaks w i t h  the  f a s t e s t  s e d i me n t i ng  peak being  
the  233 p a r t i c l e .  T h i s  p a t t e r n  i n d i c a t e s  t h r e e  p o s s i b i l i t i e s  
as to t he  n a t u r e  o f  s o n i c a t i o n  on the 235 p a r t i c l e s .
The f i r s t  pos s i b i 1 i t y  i s  t h a t  o f  f u r t h e r  u n f o l d i n g  o f  
the 235 p a r t i c l e .  The 155 p a r t i c l e  sediments  a t  a r a t e  
s i m i l a r  to  the  165 p a r t i c l e  t h a t  has undergone f u r t h e r  
change,  p o s s i b l y  i n  the secondary  s t r u c t u r e  o f  the RNA.
The 55 p a r t i c l e  seems to be too smal l  to say t h a t  f u r t h e r  
s t r u c t u r a l  change occurs i n  t he  RNP p a r t i c l e .  However ,  
the 55 p a r t i c l e  cou l d  be t he  r e s u l t  o f  t o t a l  d e g r a d a t i o n  
of  any o f  the o t h e r  p a r t i c l e s .
An ot h e r  p o s s i b i l i t y  i s  t h a t  the 235 p a r t i c l e  u n d e r ­
goes f u r t h e r  u n f o l d i n g  to t he  165 s t a ge  f o l l o w e d  by s t r a n d  
c l e a v a g e  r e s u l t i n g  i n  t he  105 and 55 p a r t i c l e s .  One would  
expect  the r a t i o  o f  t h e s e  p a r t i c l e s  to be one to one i f  t h i s  
were the ca se .  The r e l a t i v e  peak a r ea s  a r e  c l e a r l y  not  
of  t h i s  p r o p o r t i o n ,  a l t h o u g h  t h i s  i s  not  e n t i r e l y  i n d i c a t i v e
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of  t h e i r  a b s o l u t e  number r a t i o ,  as the r a t i o  o f  the peak 
ar ea  to t he  w e i g h t  o f  the p a r t i c l e  i s  a t r u e  measure o f  
the  c o n c e n t r a t i o n .
The t h i r d  p o s s i b i l i t y  i s  t h a t  the 23S p a r t i c l e  u nder ­
goes c l e a v a g e  pr oduc i n g  two or  t h r e e  d i f f e r e n t  f r a g m e n t s .
The 5S p a r t i c l e  was found to have some p r o t e i n  p r e s e n t ,  
a l t h o u g h  we were unabl e  to d e t e r mi n e  any p r o t e i n  by a e r y 1a-  
mide gel  e l e c t r o p h o r e s i s .  I t  mi ght  be t hought  o f  as a 
pr oduct  o f  d e g r a d a t i o n ,  or  secondary  c l e a v a g e ,  o f  one o f  the  
o t h e r  p a r t i c l e s ,  o r  a p r i ma r y  p r o duc t  o f  c l e a v a g e .  I f i t  
i s  assumed t h a t  s o n i c a t i o n  g i v e s  two p r i ma r y  f ragment s  and 
t h a t  the 5S p a r t i c l e  i s  due to some type o f  d e g r a d a t i o n ,  
the r e l a t i v e  peak ar eas  i n  the  s c h l i e r e n  p a t t e r n  i s  d i s t u r b ­
ing in  t h a t  the  1 OS peak a r ea  i s  much g r e a t e r  than the 15S 
peak a r e a .  I f  o n l y  the  two p a r t i c l e s  ar e  the product  o f  
s o n i c a t i o n ,  one would e x p e c t  a r a t i o  o f  one to one.  A 
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  d i s c r e p a n c y  could  be due to an 
anomaly o f  the  u l t r a c e n t r i f u g e ,  t he  Johnst on- Ogston  e f f e c t .  
However,  the combined peak a r ea s  o f  the  15S p a t t e r n  and the  
5S p a t t e r n  a r e  a p p r o x i m a t e l y  equal  to the  ar ea  of  the 1 OS 
p a t t e r n  which cou l d  i n d i c a t e  t h a t  son i c a t i o n  does r e s u i t  in  
t h r e e  unique p a r t i c l e s .
At  t h i s  p o i n t  we a r e  u nab l e  to  c l e a r l y  d e f i n e  the  
process o f  s o n i c a t i o n  on t he  23S p a r t i c l e .  The f a c t  t h a t  
the 1 OS and 153 p a r t i c l e s  have uni que  complementary p r o t e i n s
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a s s o c i a t e d  w i t h  them I n d i c a t e s  t h a t  these mol ecul es  are  
f r a gment s  o f  the  23S p a r t i c l e .  The i n a b i l i t y  to f i n d  the  
p r o t e i n s  on the  5S p a r t i c l e  i n d i c a t e s  t h a t  f u r t h e r  work i s  
needed in  t h i s  d i r e c t i o n  to d e t e r mi n e  the o r i g i n  o f  t h i s  
m o l e c u l e .  M o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  o f  these s o n i c a t e d  
p a r t i c l e s  would c l e a r l y  he l p  to d e f i n e  the p l a u s i b i l i t y  o f  
whet her  or  not  t hese  p a r t i c l e s  a r e  f r a g m e n t s .  Because o f  
the d i f f e r e n c e  in p r o t e i n s ,  however ,  we t e n t a t i v e l y  b e l i e v e  
t h a t  the  1 OS and 15S p a r t i c l e s  a r e  unique f r a gme n t s .
The 1 OS and 15$ f r a gment s  have unique p r o t e i n s  but  
a l s o  have p r o t e i n s  t h a t  a r e  common to  bo t h .  I f  these  f r a g ­
ments ar e  d i f f e r e n t ,  an e x p l a n a t i o n  i s  needed as to why 
s o n i c a t i o n  does not  produce two f ragment s  w i t h  t o t a l l y  
uni que ,  compl ementar y  p r o t e i n s .  A f e a s i b l e  e x p l a n a t i o n  f o r  
t h i s  f a c t  i s  t h a t  s o n i c a t i o n  breaks the RNA s t r a n d  a t  more 
than one s i t e ,  but  t h a t  each 23$ p a r t i c l e  undergoes onl y  
one c l e a v a g e  per  m o l e c u l e .  T hu s , depending on the s i t e  o f  
c l e a v a g e ,  c e r t a i n  p r o t e i n s  may be a s s o c i a t e d  w i t h  e i t h e r  
f r a gme n t .  T a b l e  2 shows 9 p r o t e i n s  t hought  to be common 
to both p a r t i c l e s .  T h i s  would i n d i c a t e  two p o s s i b i l i t i e s  
f o r  c l e a v a g e ;  a l a r g e  number o f  c l e a v a g e  p o i n t s  or  two 
d i f f e r e n t  c l e a v a g e  p o i n t s  s e p a r a t e d  by a long RNP s t r a n d .
I f  t h e  23$ p a r t i c l e  i s  t h o u g h t  to have an extended  
loop of  RNP s t r a n d ,  a most  l i k e l y  p l a c e  f o r  c l e a v a g e  would 
be along t h a t  ex t e nde d  l o o p .  A schema t i c  r e p r e s e n t a t i o n  o f  
the c l e a v a ge  p o i n t s  i s  g i v e n  i n  F i g u r e  13.  The f i r s t




Figure 13, Schematic representation of the sonication of the 
235 particle. For an explanation, refer to the text.
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p o s s i b i l i t y  i s  shown by c l e a v a g e  o c c u r r i n g  a t  a l l  the  
a r r o w s ,  r e s u l t i n g  in p a r t i c l e s  w i t h  v a r i o u s  l e n g t h s  o f  the  
broken s t r a n d .  A p i e c e  o f  s t r a n d  t h a t  can encompass 9 
p r o t e i n s  would have to be f a i r l y  l a r g e ,  r e s u l t i n g  in  p a r t ­
i c l e s  o f  v a r i o u s  m o l e c u l a r  w e i g h t s .  The second p o s s i b i l i t y  
i s  t h a t  c l e a v a g e  occurs o n l y  a t  p o i n t s  A and B. Th i s  t ype  
o f  c l e a v a g e  would r e s u l t  in a p a r t i c l e  t h a t  would var y  in  
i t s  m o l e c u l a r  w e i g h t  by the  m o l e c u l a r  we i gh t  o f  the s t r a nd  
between t h e  c l e a v a g e  p o i n t s .  Our r e s u l t s  i n d i c a t e  t h a t  
t hese  p a r t i c l e s  a r e  f a i r l y  homogeneous which d i c t a t e s  gross  
s t r u c t u r a l  change i n  a p a r t i c l e  to g i v e  the same sedimen­
t a t i o n  c o e f f i c i e n t .
A l t hough  t hese  two p o s s i b i l i t i e s  ar e  f e a s i b l e  i f  
not  c o r r e c t ,  a n o t h e r  e x p l a n a t i o n  f o r  the s o n i c a t i o n  r e s u l t s  
can be f ound.  The a e r y 1 ami de gel  e l e c t r o p h o r e s i s  does not  
s e p a r a t e  some o f  t h e  p r o t e i n s  common to both f r a g m e n t s .  The
i n t e n s i t y  o f  some o f  t he s e  bands i s  p o s s i b l y  i n d i c a t i v e  o f
p r o t e i n s  p r e s e n t  o r  a bs en t  i n  t h e  f r a g m e n t s .  I t  seems
w o r t h w h i l e  to p o s t u l a t e  as to which f r a gment  c e r t a i n  o f  the
common p r o t e i n s  c o u l d  be a s s o c i a t e d .  Ta b l e  3 l i s t s  the  
assigned p r o t e i n s  to t h e i r  r e s p e c t i v e  f r a g m e n t s .  Thi s  
assignment  i l l u s t r a t e s  t he  f a c t  t h a t  p o s s i b l y  the l a r g e  
number o f  common p r o t e i n s  i s  due to our  i n a b i l i t y  a t  t h i s  
t ime to i d e n t i f y  some p r o t e i n s .  I f  t h i s  i s  the case ,  
s o n i c a t i o n  cou l d  be i n t r o d u c i n g  a n i c k  a t  o n l y  one p o i n t  
along the RNP s t r a n d .
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T a b l e  3.  A p o s t u l a t e d  ass i gnment  o f  the common p r o t e i n s  
found in both o f  the s o n i c a t e d  p a r t i c l e s .  The 
p r o t e i n s  a s s i gne d  to each o f  the p a r t i c l e s  are  
t hose  p r o t e i n s  t h a t  m i g r a t e  a t  the same r a t e  and 
can not  be d i s t i n g u i s h e d .
1 OS P a r t i  c l e  
Unique Common






I f  o n l y  one n i c k  occurs i n  the  RNP s t r a n d  w i t h  
s o n i c a t i o n ,  t he  r e q u i r e m e n t  to u n f o l d  a loop o f  RNP f o r  the  
23S p a r t i c l e  i s  d i m i n i s h e d .  I f  a s t r a n d  cont i nuous w i t h  
e i t h e r  t he  3'  or  5* end o f  the rRNA i s  u n f o l de d  and shear ed ,  
the same r e s u l t s  cou l d  be o b t a i n e d .  The ma j or  drawback to  
t h i s  h y p o t h e s i s  i s  the s i z e  o f  s t r a n d  t h a t  would have to be 
unfo lded t h a t  c ou l d  accommodate the p r o t e i n s  found to be 
a s s o c i a t e d  w i t h  t h e  1 OS f r a g m e n t ,  assuming the 1 OS a r i s e s  
f rom the e x t ended  s t r a n d .  On t he  o t h e r  hand,  the 5S p a r t i c l e  
would be a good p o s s i b i l i t y  f o r  the f r a gment  produced f rom 
an e n d - t e r m i n a l  c l e a v a g e .  T h i s  t ype  o f  breakage should  
r e s u l t  in o n l y  two p a r t i c l e s ,  however ,  and not  t h r e e  as 
observed.  T h e r e f o r e ,  a t  t h i s  t i m e ,  the  be s t  model to  f i t  
both the p h y s i c a l  s t u d i e s  and the  s o n i c a t e d  p a r t i c l e  p r o t e i n
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s t u d i e s  i s  t h a t  o f  a p a r t i c l e  w i t h  an extended loop o f  RNP. 
From our  d a t a ,  we must a l s o  assume t h a t  more than one break  
occurs i n  t he  s t r a n d ,  r e s u l t i n g  i n  two f ragments  w i t h  p r o t e i n s  
common to  b o t h .  I t  i s  e v i d e n t  t h a t  more a e r y 1 ami de gel  
s t u d i e s ,  e s p e c i a l l y  t wo - d i m e n s i o n a l  e l e c t r o p h o r e s i s ,  are  
needed to  r e s o l v e  the ambiguous p r o t e i n s  to help d e t e r mi n e  
i f  t hese  f r a g me n t s  a r e  the r e s u l t s  o f  one or  more breaks  
in the RNP s t r a n d .
Dur i ng  the  course  o f  t h i s  wor k ,  v a r i o u s  workers  
have p u b l i s h e d  papers on RNP f r a gment s  d e r i v e d  f rom the 30S 
p a r t i c l e  by r i  bonuc l ea se  t r e a t m e n t .  I t  i s  w o r t h w h i l e  to 
discuss the  r e s u l t s  o f  t h e s e  s t u d i e s  i n  compar ison w i t h  our  
d a t a .
Zimmermann,  Muto,  F e l l n e r , Ehresmann,  and B r e n l a n t  
( 153 )  have d e t e r mi n e d  b i n d i n g  s i t e s  on the 16S r ibosomal  
RNA f o r  s i x  p r o t e i n s  by l i m i t e d  r i b o n u c l e a s e  h y d r o l y s i s  of  
RNA- pr ot e i n  compl exes ,  as w e l l  as by the  i n t e r a c t i o n  of  
i n d i v i d u a l  p r o t e i n s  w i t h  RNA f r a gment s  p u r i f i e d  from p a r t i a l  
enzymat i c  d i g e s t s .  They found t h a t  p r o t e i n s  S4,  S8,  SI 5,  520,  
and,  p r o b a b l y ,  SI 3 b ind  w i t h i n  a f r a gmen t  t h a t  compr ises some 
900 n u c l e o t i d e s  and cover s  a l mos t  the e n t i r e  S ' - t e r m i n a l  
p o r t i o n  o f  the  16S m o l e c u l e .  An RNA f r a gment  d e r i v e d  f rom 
the 3 ' - t e r mi  n a 1 p o r t i o n  o f  t he  16S mo l e c u l e  was b e l i e v e d  to  
be the b i n d i n g  s i t e  f o r  p r o t e i n  S7.  P r o t e i n  S7 was found  
to co - sed i ment  p r i m a r i l y  w i t h  t he  3 - ' t e r mi  na1 f r agment  when
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complexes o f  RNA and p r o t e i n  were d i g e s t e d ,  but  would not  
bi nd  w i t h  t he  same p i e c e  o f  RNA pr epa r ed  from uncomplexed  
RNA. Our r e s u l t s  show p r o t e i n s  S4 and S8 a s s o c i a t e d  w i t h  
the 15S p a r t i c l e ,  and p r o t e i n  S7 a s s o c i a t e d  w i t h  the IDS 
p a r t i c l e .  P r o t e i n s  SI 3 and 515 were not  d i f f e r e n t i a t e d  in  
our  ge l s  but  were c l a s s i f i e d  as being common to both  
p a r t i c l e s .  Using the s t udy  of  Zimmermann e_t as a g u i d e ,
one can p o s t u l a t e  t h a t  the 155 p a r t i c l e  i s  t h a t  p o r t i o n  
a s s o c i a t e d  w i t h  the  5 ' - t e r m i n a l  end and the 105 p a r t i c l e ,  
the  3 ' - t e r mi  n a 1.  Because p r o t e i n  520 was found to be 
p r e s e n t  on t h e  105 f r a gme n t  and o n l y  f a i n t l y  p r e s e n t  on 
the 155 f r a g m e n t ,  p r o t e i n  520 was ass i gned to the 105 
p a r t i c l e .  The d i s c r e p a n c y  o f  r e l a t i v e  b i n d i n g  p o s i t i o n  
r e l a t i v e  to  t he  t e r m i n a l  end o f  the RNA can be t hought  o f  
as the r e s u l t s  o f  d i f f e r e n t  c l e a v a g e  p o i n t s  a long the RNA 
s t r a n d . I f  the c l e a v a g e  p o i n t  i n c u r r e d  w i t h  s o n i c a t i o n  is 
to the 5 ' - t e r m i  nal  end o f  the  b i n d i n g  s i t e ,  520 would then  
be a s s o c i a t e d  w i t h  t h e  3 ' - t e r m i  nal  p a r t i c l e .
I f  p r o t e i n s  513 and 515 are  common to both the  105 
and 155 f r a g m e n t s ,  an i n t e r p r e t a t i o n  would have to be t h a t  
the s o n i c a t i o n  can c l e a v e  t he  RNA s t r a n d  a t  p o i n t s  3* to  
515 or  5'  to  51 3 .  A l t h o u gh  t h e  p o s i t i o n  o f  b i n d i n g  f o r  
p r o t e i n  57 i s  q u e s t i o n a b l e ,  an i n t e r p r e t a t i o n  o f  our  r e ­
s u l t s  based on t hose  o f  Zimmerman ejb aj_. i s  p l a u s i b l e .  
Al though the  p r o t e i n s  s t u d i e d  by t h i s  group have h i g h l y
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s p e c i f i c  b i n d i n g  s i t e s  and ar e  t hose p r o t e i n s  which are  
bound f i r s t  i n  the  r e c o n s t i t u t i o n  o f  the 30S r i bosome,  the  
p o s i t i o n  o f  t h e s e  b i n d i n g  s i t e s  may be somewhat in e r r o r .
Only a l i t t l e  more than h a l f  o f  the n u c l e o t i d e  sequence of  
the 16S RNA i s  known, and,  t h e r e f o r e ,  c e r t a i n  e r r o r s  in  
the n u c l e o t i d e  sequence would a l t e r  the r e l a t i v e  b i n d i n g  
s i t e s  f o r  t he  p r o t e i n s .  The 5 ' - t e r m i  nal  h a l f  o f  the RNA 
sequence i s  supposedl y  w e l l  u nd e r s t o o d ,  and,  t h e r e f o r e ,  
the b i n d i n g  s i t e s  o f  those  p r o t e i n s  ar e  most l i k e l y  a c c u r a t e .
Schendel  e_t ( 1 1 4 )  have o b t a i n e d  t h r e e  RNP f r a g ­
ments f rom the  30S r i  bosome by r i  bonuc l ease  d i g e s t i o n .  I t  
was found t h a t  t h e s e  t h r e e  p a r t i c l e s  had o v e r l a p p i n g  reg i ons  
c o n t a i n i n g  the  same p r o t e i n s .  They f e l t  t h a t  each of  the  
t h r e e  p a r t i c l e s  were l i n e a r  RNP s t r a n d s ,  and w i t h  the o v e r ­
l ap  were a b l e  to  p o s t u a l t e  a p r o t e i n  sequence f o r  the 30S 
r ibosome.  They have s t a t e d  t h a t  to o b t a i n  an a c c u r a t e  
l i n e a r  map o f  p r o t e i n s  t h a t  many more o v e r l a p p i n g  f ragments  
are needed.  In compar ing our  r e s u l t s  w i t h  t h e i r s ,  agreement  
i s not  v e r y  good.  A s l i g h t  r e a r r a n g e m e n t  of  t h e i r  map,  
however ,  w i l l  a l l b w  p r o t e i n s  S5,  S6,  S7,  and S20 to be in  
the same r e g i o n  o f  t he  map which agrees  w i t h  our f i n d i n g s  
of  the p r o t e i n s  on t he  1 OS p a r t i c l e .  Th i s  r ea r r a ng ement  
w i l l  a l so  a l l o w  p r o t e i n s  S3,  S8,  and S9 to be in the same 
regi on which i s  c o n s i s t e n t  w i t h  our  15S p a r t i c l e .  A major  
i n c o n s i s t e n c y  i s  p r o t e i n  S4,  which i s  l o c a t e d  in the mi ddl e
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o f  t h e i r  map. No r e a r r a ng e me n t  can b r i n g  about  an a g r e e ­
ment between our  r e s u l t s  and t h e i r s .  P r o t e i n  SI 1 i s  a l s o  
in d i s a g r e e m e n t ,  however ,  our  assi gnment  o f  p r o t e i n  311 to 
the 153 p a r t i c l e  was made on t he  bas i s  t h a t  both p r o t e i n s  
39 and 311 m i g r a t e  a t  the same r a t e .  However ,  Schendel  
ejt s t a t e d  t h a t  t h e i r  ass i gnment  o f  p r o t e i n  39 and 311
was s u b j e c t i v e ,  based on the f a c t  t h a t  311 ,  i n  pure form,  
m i g r a t e s  more s l o w l y  than 39.  A l s o ,  the s t a i n i n g  o f  39 i s  
much more i n t e n s e  than t h a t  o f  311.  I t  i s  p o s s i b l e  t h a t  the  
f a i n t  band i n  our  gel  f o r  39 ,  311 in  t he  103 p a r t i c l e  i s  due 
to p r o t e i n  311 and t h a t  311 should be ass i gned to the 103 
p a r t i c l e .  Schendel  and coworkers have a l s o  r e p o r t e d  a 
ma nu s c r i p t  i n  p r e p a r a t i o n  by C . T .  Shih and G.R.  Cravan t h a t  
p r o t e i n s  3 2 1 ,  31 8 ,  and 311 a r e  s u f f i c i e n t l y  c l o s e  ne i ghbor s
to form a s i n g l e  group and undergo 1n t e r m o l e c u l a r  c r o s s -  
l i n k i n g  induced by r e a g e n t  t e t r a n i t r o m e t h a n e . They have 
placed t h i s  group o f  p r o t e i n s  a t  the 3* end which would  
agree w i t h  our  r e s u l t s  i f  311 i s  ass i gned  to the 103 
p a r t i c l e .
P o s t u l a t i n g  a l i n e a r  sequence as done by Schendel  
et  a l . can l e a d  t o  p o s s i b l e  e r r o r s  due to t he  h e t e r o g e n e i t y  
of  the r i bosomal  p r o t e i n s .  The f r a c t i o n a l  p r o t e i n s  are  
present  in  l e s s  than 0 . 6  c o p i e s  per  s u b u n i t  i n d i c a t i n g  
t h a t  the 303 s u b u n i t  does not  i n  f a c t  c o n t a i n  21 p r o t e i n s ,  
and the l a c k  o f  s u f f i c i e n t  p r o t e i n  p r e s e n t  on an RNP s t r a n d
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may l e a d  t o  e r r o r s  i n  the i n t e r p r e t a t i o n  as to the presence  
or  absence o f  a s p e c i f i c  p r o t e i n .  This  p o s s i b l e  e r r o r  can 
a f f e c t  the  l i n e a r  sequence g r e a t l y  as o v e r l a p p i n g  p r o t e i n  
r e g i o n s  ar e  used to  d e t e r mi n e  the sequence.  There i s  a l s o  
t he  p o s s i b i l i t y  t h a t  some p r o t e i n s  do not  have a s p e c i f i c  
r e g i o n  on t he  RNA s t r a n d ,  r e s u l t i n g  in e r r o r s  in a sequence  
map. O v e r a l l ,  i t  appears pr emat ure  a t  t h i s  t ime to c o n s i d e r  
the p r o t e i n  sequence map o f  Schendel  e_t as c o r r e c t .
Morgan and Brimacombe ( 9 1 )  have a l s o  t r e a t e d  30S 
s u b u n i t s  w i t h  r i  b o n u c l e a s e , r e s u l t i n g  in n ine  RNP f r a gme nt s .  
They have t ak en  t h e i r  da t a  and a p p l i e d  i t  to the "assembly  
map" o f  Na sh i mot a ,  H e l d ,  K a l t s c h m i d t ,  and Nomura ( 9 3 )  w i t h  
hopes o f  g e n e r a t i n g  a p a r t i a l  t opography o f  the 30S r ibosome.  
A d i s c u s s i o n  o f  t he  f r a gment s  o b t a i n e d  i s  p e r t i n e n t  to t h i s  
s t u d y .
On two f r a gme n t s  t hey  have found p r o t e i n s  S5 and S6 
on one and 36 and S20 on t he  o t h e r .  Th i s  i s  in d i r e c t  
agreement  w i t h  t hose  p r o t e i n s  found on our  1 OS p a r t i c l e .  On 
t h e i r  p a r t i c l e  number f i v e ,  t hey  have found p r o t e i n s  S7,  S9,  
S20,  and two o f  t h e  t h r e e  p r o t e i n s  SI 3,  SI 4 ,  or  SI  9.  On 
p a r t i c l e  number n i n e ,  t he y  found p r o t e i n s  S6,  SB, S20,  SI 5,  
and S16 or  SI  7.  M a j o r  d i s c r e p a n c i e s  between our and 
t h e i r  resul ts i s  t h a t  o f  p r o t e i n  S9 i n  p a r t i c l e  number 5 
and p r o t e i n  SB found i n  p a r t i c l e  n i n e .  Both o f  t hese  p r o ­
t e i n s  were found i n  our  15S p a r t i c l e .  Four o f  t h e i r  o t h e r  
p a r t i c l e s  showed agr e ement  w i t h  both p r o t e i n s  57 and S9.
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Ther e  a r e  t h r e e  p o s s i b i l i t i e s  as to why the r e s u l t s  ar e  in  
d i r e c t  d i s a g r e e m e n t .  The most obvious p o s s i b i l i t y  i s  t h a t  
one o f  us i s  wrong i n  the  ass i gnment  o f  p r o t e i n  S9. Another  
p r o b a b l e  e v e n t  i s  t h a t  the c l e a v a g e  p o i n t s  o f  the RNA s t r a n d  
i s  s u f f i c i e n t l y  d i f f e r e n t  so as to a l l o w  p r o t e i n  S9 to be 
a s s o c i a t e d  w i t h  p r o t e i n  S7.  A s i m i l a r  arguement  can be 
used f o r  the  a s s o c i a t i o n  o f  S8 w i t h  S20 and S6.  B i c k l e .  
Her shey ,  and T r a u t  ( 4 )  have concluded f rom p r o t e i n  c r o s s -  
l i n k i n g  e x p e r i m e n t s  t h a t  p r o t e i n s  S6,  S7,  and S9 are  a d j a c e n t  
in t he  r i bos ome ,  and t h a t  S9 i s  a d j a c e n t  to S5,  S i m i l a r l y ,  
L u t t e r ,  Zei  c h h a r d t , K u r l a n d ,  and S t o f f l e r  ( 7 6 )  have shown 
t h a t  p r o t e i n s  35 and 38 ar e  a l s o  c l o s e l y  r e l a t e d .  I f  one 
t h i n k s  o f  the c r o s s l i n k i n g  e x p e r i me n t s  to occur  among p r o ­
t e i n s  t h a t  a r e  a s s o c i a t e d  on the same r e l a t i v e l y  s h o r t  stand  
of  RNA, t hese  r e s u l t s  a r e  i n  d i s a g r e e me n t  w i t h  our f i n d i n g s .  
However,  t h e r e  i s  a t h i r d  p o s s i b i l i t y  t h a t  can e x p l a i n  the  
d i s c r e p a n c i e s  among t he  r e s u l t s  o f  Morgan and Brimacombe 
( 9 1 ) ,  the cross 1 i n k i n g  e x p e r i m e n t s ,  and the  r e s u l t s  we have 
o b t a i n e d .  For  s i m p l i c i t y ,  assume t h a t  the p r o t e i n s  found  
on the 153 p a r t i c l e  a r e  a s s o c i a t e d  w i t h  the 5* end o f  the  
RNA s t r a n d  and t h a t  the p r o t e i n s  on the 103 p a r t i c l e  are  
as s o c i a t e d  w i t h  t he  3* end,  w i t h  a s u f f i c i e n t  l e n g t h  o f  
rRNA between t he  two to  a l l o w  t he  5'  and 3'  ends to be 
a s s o c i a t e d .  Ri bon uc l e a s e  d i g e s t i o n  could r e s u l t  i n  a 
s i n g l e  p a r t i c l e  t h a t  c o n t a i n s  two s e p a r a t e  s t r ands  o f  RNA,  
the 5* end and t he  3'  end o f  the 163 rRNA. Thi s  could
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account  f o r  t he  f a c t  o f  why Morgan and Brimacombe ( 9 1 )  f i n d  
p r o t e i n  S9 and SB a s s o c i a t e d  w i t h  t he  p r o t e i n s  found on our  
lOS f r a g m e n t .  The c r o s s ! i n k i n g  ex per i ment s  could a l s o  
i n d i c a t e  such an assumed s t r u c t u r e ,  in t h a t  p r o t e i n s  56 ,
37 ,  and 39 would be a d j a c e n t  due to the f o l d i n g  o f  the RNP 
s t r a n d . A s i m i l a r  argument  could  p e r t a i n  to the c r o s s -  
l i n k i n g  between p r o t e i n s  35 and SB.
Such arguments are  e n t i r e l y  s p e c u l a t i v e .  However ,  
t hey  ar e  not  i n  d i s a g r e e me n t  w i t h  the "assembly map" of  
Nashimoto ejt ( 9 3 ) .  P r o t e i n s  38 and 37 bind to the 163
rRNA d i r e c t l y  and make ma j or  c o n t r i b u t i o n s  in the b i n d i n g  
of  p r o t e i n s  35 and 39 ,  r e s p e c t i v e l y .  Our dat a  suggests  
t h a t  ma j or  f o l d i n g  o f  the  RNA i s  a r e q u i r e me n t  f o r  t h i s  
b i n d i n g .  I t  i s  e v i d e n t  t h a t  the s t u d i e s  of  RNP f ragments  
combined w i t h  c r o s s ! i n k i n g  da t a  can g i v e  u s e f u l  i n f o r m a t i o n  
on t he  r e l a t i o n s h i p  o f  not  on l y  the p r o t e i n s  but  o f  r e l a t i v e  
areas o f  the rRNA. S u f f i c i e n t  dat a  o f  t h i s  t ype combined 
w i t h  the p h y s i c a l  s t u d i e s  o f  u n f o l d e d  p a r t i c l e s  and p a r t i c l e  
f ragments  should h o p e f u l l y  g i v e  enough i n f o r m a t i o n  to g i ve  
a t h r e e  d i m e n s i o n a l  s t r u c t u r e  o f  the 303 r ibosome.
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CHAPTER VI  
SUMMARY
The 303 r i bosomal  s u b u n i t  o f  E s c h e r i c h i a  c o l l
undergoes an e x t e n s i v e  c o n f o r m a t i o n a l  change upon exposure  
to low Mg**"  ̂ c o n c e n t r a t i o n .  D i a l y s i s  o f  the s u b un i t  a g a i n s t  
a b u f f e r  c o n t a i n i n g  0.0001 M MgCl ^ , 0 . 0 7  M KOI ,  0.01 M T r i s -  
HCl ,  pH 7 . 4 ,  r e s u l t e d  i n  an u n f o l d e d  p a r t i c l e  t h a t  was 
c h a r a c t e r i z e d  by d e t e r m i n i n g  a number o f  i t s  p h y s i c a l  p a r a ­
me t e r s .  As d e t e r m i n e d  i n  t h i s  s t u d y ,  the s®^ ^ o f  the  un­
f o l d e d  s u b u n i t  was 2 3 , 3  ± 6 . 3 ,  the  p a r t i a l  s p e c i f i c  volume 
was 0 . 6 1 9  ± 0 . 0 0 6  m l / g ,  the i n t r i n s i c  v i s c o s i t y  was 1 1 . 0  ±
0.2 m l / g ,  and t he  e x t i n c t i o n  c o e f f i c i e n t  a t  260 nm was 145.  
The u n f o l d e d  p a r t i c l e s  c o n s i s t e d  o f  33 ± 2% p r o t e i n  and 
65 ± 2% RNA. A e r y 1 ami de gel  e l e c t r o p h o r e s i s  i n d i c a t e d  no 
loss o f  p r o t e i n  i n  t h e  u n f o l d e d  s u b u n i t .
The 305 s u b u n i t  e x h i b i t s  a decrease  in s e d i m e n t a t i o n  
c o e f f i c i e n t  and an i n c r e a s e  i n  i n t r i n s i c  v i s c o s i t y  when 
exposed to low Mg^^ c o n c e n t r a t i o n .  The l a r g e  change t h a t  
occurs in these p h y s i c a l  par a me t er s  i n d i c a t e s  t h a t  the  
unfolded s u b u n i t  i s  more asymmet r i c  a n d / o r  hydr a ted  than  
the 303 s u b u n i t .  Based on the assumpt ion t h a t  the h y d r a t i o n  
i s unchanged f rom t he  303 s u b u n i t ,  the 233 p a r t i c l e  has a 
c a l c u l a t e d  a x i a l  r a t i o  o f  a p p r o x i m a t e l y  7 : 1 .  The a symmetry 
of  t h i s  p a r t i c l e  can b e s t  be e x p l a i n e d  by assuming t h a t  a 
p o r t i o n  of  t he  RNA c h a i n  swings out  r e s u l t i n g  in an extended
c o n f o r mâ t ! o n .
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S o l u t i o n s  o f  the 23S p a r t i c l e  were a l so  s u b j e c t e d  to 
s o n i c a t i o n  f o r  2 0 - 2 5  minutes i n  an a t t e m p t  to break o f f  the  
u n f o l d e d  p o r t i o n  o f  the  s u b u n i t .  The s o n i c a t i o n  produced 3 
p a r t i c l e s  t h a t  were i s o l a t e d  and a na l y z e d  f o r  p r o t e i n  and 
RNA c o n t e n t . The t h r e e  p a r t i c l e s  had approx i mat e  sedimen­
t a t i o n  c o e f f i c i e n t s  o f  53 ,  10$,  and 153 and were found to  
have p r o t e i n / R N A  r a t i o s  o f  0 . 1 6 ,  0 . 4 9 ,  and 0 . 4 9 ,  r e s p e c t i v e l y .  
From gel  e l e c t r o p h o r e s i s ,  i t  was found t h a t  the 103 p a r t i c l e s  
had 13 p r o t e i n s ,  and t he  153 p a r t i c l e s  had 15 p r o t e i n s .  No 
p r o t e i n  bands were observed f rom the 53 p a r t i c l e .  Unique  
p r o t e i n s  were found on the 103 and 153 p a r t i c l e s .  Four  
p r o t e i n s  i n  t he  103 p a r t i c l e  were not co n t a i n e d  in the 153 
p a r t i c l e ,  and s i x  p r o t e i n s  i n  the  153 p a r t i c l e  were not  
c o n t a i n e d  i n  t h e  103 p a r t i c l e .  The s o n i c a t i o n  appears to 
break the u n f o l d e d  s u b u n i t  i n t o  a t  l e a s t  two d i f f e r e n t  
p a r t i c l e s ,  each o f  which c o n t a i n  a unique p r o t e i n  c o n t e n t .
8 3
REFERENCES
1.  A l l e t ,  B . ,  and P.  F.  S p a h r ,  Eur .  J .  Biochem.  1 9 . 250 ( 1 9 7 1 )
2.  At s mon» A . ,  P. S p i t n i k - E l s o n  , and 0.  El s o n , J . M o l . B i o l .
25 y 1d1 ^ 1 9 6 7 ) .
3. B a r b i e r i ,  M . ,  P. P e t t a z z o n i  , F.  B e r s a n i , and N. M. M a r a l d i ,
J . Mol . B i o l .  54 , 1 21 ( 1 9 7 0 ) .
4.  B i c k l e ,  T .  A . ,  J . W. B. H e r s h e y ,  and R. R. T r a u t ,  Proc.
Na t .  Acad .  S c i .  USA 6 9 ,  1327 ( 1 9 7 2 ) .
5. Bock,  R. M . ,  and W. C. G i l l c h r i e s t ,  Fed.  Proc .  17 .  193
( 1 9 5 8 ) .   
6.  B o d l e y ,  J .  W. ,  Bi ochemi  s t r y  8 ,  465 ( 1 9 6 9 ) .
7.  Bohn,  T.  S . ,  R. K. F a r n s w o r t h ,  and W. E . D i b b l e ,  B i ochim.
Bi ophys .  Ac t a  1 3 8 , 212 ( 1 9 6 7 ) .
8.  Bol t o n , E . T . ,  B. H. N o y e r ,  and D, B. R i t t e r ,  In Microsomal  
P a r t i c l e s  and P r o t e i n  S y n t h e s i s , p. 18 ,  New York:  Pergamon 
P r e s s , 1 9 5 8 .
9.  Br imacombe,  R . ,  J . Morgan,  D. G. O a k l e y ,  and R. A. Cox,
Natu re New B i o l .  231 , 209 (1 971 ) .
10.  Br imacombe,  R . ,  J .  Morgan,  and R. A. Cox,  Eur .  J .  Biochem.
23,  52 ( 1 9 7 1 ) .
11.  Br own l e e ,  G. G , ,  F.  S a n g e r ,  and B. G. B a r r e l  1 ,  N a t u r e ,
2 1 5 , 735 ( 1 9 6 7 ) .
12.  Br uskov ,  V.  I . ,  and N. A.  K i s e l e v ,  J . Mol . B i o l .  3 7 ,
367 ( 1 9 6 8 ) .
13.  Bush, C. A . ,  and H. A.  S c h e r a g a ,  B i o c h e m i s t r y  6 ,  3036  
( 1 9 6 7 ) .
14.  Byers ,  B . ,  J . M o l . B i o l .  2 6 , 155 ( 1 9 6 7 ) .
15.  Cammack, K. A . ,  and H. E. Wade,  Biochem.  J.  96 .  ( 1 9 6 5 ) .
16.  Chang,  F.  N . , and J .  G. F l a k s ,  Proc .  Na t .  Acad.  S c i .  USA
67,  1321 ( 1 9 7 0 ) .
17.  Chao,  F . C . ,  and H. K. Schachman,  Ar ch .  B i o chem. Bi ophys.
61,  220 ( 1 9 5 6 ) .
8 4
18.  Chao,  F,  G . ,  Ar ch .  Biochem.  Bi ophvs .  7 0 , 426 ( 1 9 5 7 ) .
19.  ( 1 9 7 0 ) " ^  ^ ' Gupt a ,  Proc .  N a t .  Acad.  S c i . USA
2 0 . C r a v e n ,  G R. P. Voynow,  S. J .  S. Har dy ,  and C. G. 
K u r l a n d ,  Si oc h emi s t r y  8 , 2 9 0 6  0 9 6 9 ) .
' n  4 ^^ 9 5 *̂  * ( 1 9 7 1  ) ’ Wi t t mann,  Mol ec .  Gen.  Genet .
22.  D a v i s ,  F.  C . ,  and B. H. S e l l s ,  0.  Mol .  B i o l .  39 ,  503
( 1 9 6 9 ) .  ----------------------------------
23.  D i b b l e ,  W. E . ,  and H. M. D i n t z i s ,  Biochim.  Biophvs.
Ac t a  37 , 1 52 ( 1 9 6 0 ) .  ------------------- :------^ -----
24.  D o t y , P . ,  H. B o e d t k e r ,  J .  R. F r e s c o ,  R. H a s e l k o r n ,  and
M. L i t t ,  P r oc .  Na t .  Acad.  S c i .  USA 45 .  482 ( 1 9 5 9 ) .
25.  D u i n ,  J .  van ,  P. H, van Kn i ppenbe r g ,  M. D i e b e n ,  and C.
G. K u r l a n d ,  Mo l e c .  Gen.  Gene t .  1 1 6 , 181 ( 1 9 7 2 ) .
26.  D z i o n a r a ,  M . ,  E. K a l t s c h m i d t ,  and H. G. Wi t tmann,  Proc.  
N a t .  Acad.  S c i .  ( Wa sh . )  67 ,  1909 ( 1 9 7 0 ) .
27.  Ehresmann,  C . ,  and J.  P.  Ebel  , E u r . J . Bi ochem. 1 3 , 577
( 1 9 7 0 )  .
28.  E i k e n b e r r y ,  E . F . ,  T.  A.  B i c k l e ,  R. R. T r a u t ,  and C. A,
P r i c e ,  E u r . J . Bi ochem. 12 , 1 13 ( 1 9 7 0 ) .
29.  E i l e m ,  Y . ,  and D. El s o n , B i o c h e m i s t r y  1 0 , 1489 (1971 ) .
30.  F e l l n e r ,  P . ,  Eur .  J .  B i ochem. 1 1 , 12 ( 1 9 6 9 ) .
31.  F e l l n e r ,  P . , C .  Ehresmann,  and J.  P. E b e l ,  Na t ur e  2 2 5 ,
26 ( 1 9 7 0 ) .
32.  F e l l n e r ,  P . ,  C. Ehresmann,  and J.  P. E b e l ,  Eur .  J.
Bi ochem. 1 3 , 583 ( 1 9 7 0 ) .
33.  F o g e l , S . ,  and P. S. S y p h e r d ,  Proc .  Na t .  Acad . S c i .  USA
1 329 ( 1 9 6 8 ) .
34.  G a r r e t t ,  R. A . ,  K, H. Rak,  L.  Daya,  and G. S t o f f l e r ,
Molec.  Gen.  Ge n e t .  1 1 4 , 112 ( 1 9 7 1 ) .
35.  G a v r i l o v a ,  L.  P . ,  D. A.  I v a n o v ,  and A. S. S p i r i n ,  J_i.
Mol .  B i o l . 16 ,  473 ( 1 9 6 6 ) .
36.  G e s t e l a n d ,  R. F . ,  J .  M o l .  B i o l .  18,  356 ( 1 9 6 6 ) .
85
2 0 4 ^ ^ 4 8 9 ^ * (  1 9 7 0  ̂ ^ Cox,  Biochim.  Bi ophys.  Acta
38.  Gor ml y ,  J.  R . ,  C. Yang,  and J.  H o r o w i t z ,  Biochim.  Biophys.  
Act a  2 4 7 , 80 (1971 ) .  ------------------------- ^ —
39.  G u t h r i e ,  C . ,  H. Nashi moto ,  and M. Nomura, Proc.  Na t .
Acad.  S c i .  USA 6 3 , 384 ( 1 9 6 9 ) .
40.  H a l l ,  C. E . ,  and H. S. SI a y t e r , J.  Mol .  B i o l .  1,  329
( 1 9 5 9 ) .   
41 .  Har dy ,  S. 0.  S . ,  C. G. Ku r l a n d ,  P. Voynow, and G. Mo r a , 
B i o c h e m i s t r y  8 ,  2897 ( 1 9 6 9 ) .
42.  H a r t ,  R. G . , B i ochim.  Biophys.  Acta 6 0 , 629 ( 1 9 6 2 ) .
43.  H a r t ,  R. G. ,  Proc .  Na t .  Acad.  S c i .  USA 5 3 , 1415 ( 1 9 6 5 ) .
44.  H i l l ,  W. E . ,  J.  W. Anderegg,  and K. E. Van Hoi d e , J.
Mol .  B i o l .  53 ,  107 ( 1970 V.
45.  H i l l ,  W. E . ,  G. P. R o s s e t t i ,  and K. E. Van Hoi d e , J.
Mol .  B i o l .  263 ( 1 9 6 9 ) .
46.  H i l l ,  W. E . ,  J .  D. Thompson,  and J.  W. Anderegg,  J.
Mol .  B i o l .  4 4 ,  80 ( 1 9 6 9 ) .
47.  Hi nde nn a c k , I . ,  E. K a l t s c h m i d t ,  and H. G. Wi t tmann,
Eur .  J.  Biochem.  2 3 , 12 ( 1 9 7 1 ) .
48.  Hi ndennach, I . ,  G. S t o f f l e r ,  and H. G. Wi t tmann,  E u r .
J.  Biochem. 2 3 , 7 (1 971 ) .
49.  Hosokawa,  K . , R. K. F u j i m u r a ,  and M. Nomura,  P r o c .
Na t .  Ac a d . S c i .  USA 5 5 , 198 ( 1 9 6 6 ) .
50.  Huang,  K. H. ,  and C. R. C a n t o r ,  J .  Mol . B i o l . 67 ,  265 
( 1 9 7 2 ) .
51.  Hux l e y ,  H. E . ,  and G. Zubay,  J .  Mol .  B i o l .  2 ,  10 ( 1 9 6 0 ) .
52.  I t o h ,  T . ,  E. O t a k a ,  and S. Osawa,  J .  M o l . B i o l . 33
109 ( 1 9 6 8 ) .
53.  J e f f r e y ,  P.  D. and M. J.  Pont ,  B i o c h e m i s t r y  8 ,  4597 ( 1969 )
54.  Kahan,  L.  , and E. Kal t s h c m i d t , B i o c h e m i s t r y  1_I, 2691 
( 1 9 7 2 ) .
55.  K a l t s c h m i d t ,  E . ,  A n a l y t .  Biochem.  £ 3 ,  2 5 ( 1 9 7 1 ) .
8 6
56.  K a l t s c h m i d t ,  E . ,  M. D z i o n a r a ,  D. Donner ,  and H. G.
Wi t t ma n n ,  Mol ec .  Gen. Genet .  1 0 0 . 364 ( 1 9 6 7 ) .
57.  K a l t s c h m i d t ,  E . ,  M. D z i o n a r a ,  and H. G. Wi t tmann,  Molec .
Gen.  Gene t .  1 0 9 . 292 ( 1 9 7 0 ) .
58 .  K a l t s c h m i d t .  E. . and H. G. Wi t tmann,  Proc.  Nat .  Acad.
S c i .  USA 67 ,  1276 ( 1 9 7 0 ) .  ---------------------------------
59.  Ka yu sh i na ,  R. L . .  and L.  A. F e i g i n ,  B i 1 f i  z i  ka 14 ,  957
( 1 9 6 9 ) . ---------------------------------------------------------------------------------------
60.  Kl ug,  A . ,  K. C. Holmes,  and J.  T.  F i n c h ,  J .  Mol .  B i o l .
3.  87 ( 1 9 7 1 ) .  ---------------------------
61.  K r a t k y ,  0 . .  H. L e o po l d ,  and H. S t a b i n g e r ,  Z.  Angew. Phys.
27 ,  273 ( 1 9 6 9 ) .    —
62. K u r l a n d, C . 6 .  , J.  Mol . Bi o l  . 2 . 83 ( 1 9 6 0 ) .
63. K u r l a n d , C . G . , J . M o l . B i o l . 18, 90 ( 1 9 6 6 ) .
64. K u r l a n d, C . G . , Sci ence 169, 1171 ( 1 9 7 0 ) .
65. K u r l a n d , C. G. . Annual Revi  ew of B i o c h e m i s t r y ,  337
66.  K u r l a n d ,  C. G . ,  M. Nomura. and J .  D. Watson. J . M o l .
B i o l . 4 388 ( 1 9 6 2 ) .
67.  K u r l a n d ,  C. G . ,  P. Voynow.  S. J .  S. Hardy.  L.  R a n d a l l ,  
and L . L u t t e r ,  Cold Spr .  Harb.  Symp. Quant .  B i o l .  3 4 .
17 ( 1 9 6 9 ) .
68.  Lake .  J.  A . ,  and H. S. S I a y t e r . Na t ur e  2 2 7 . 1032 ( 1 9 7 0 ) .
69.  L a n d r i d g e ,  R . ,  and K. C. Holmes, J .  Mol .  B i o l . 5̂ , 611 
( 1 9 6 2 ) .
70.  Lengyel  , P . ,  and D. S o i l ,  B a c t e r i o l .  Rev.  3 3 , 264 ( 19 6 9 )
71.  Lerman,  M. I . ,  A. S.  S p i r i n ,  L.  P. G a v r i l o v n a ,  and V. F.  
Gol ov ,  J .  Mo l .  B i o l .  15 ,  268 ( 1 9 6 6 ) .
72.  L i t t l e f i e l d ,  J .  W . , E. B. K e l l e r ,  J .  Gross,  and P. C.  
Zamecn i c k , J . B i o l .  C hem. 21 7 , 1 1 1 ( 1 9 5 5 ) .
73.  L i t t l e f i e l d ,  J .  W. ,  and E. B. K e l l e r ,  Fed.  Proc_^ j S .
302 ( 1 9 5 6 ) .
74.  Lowry,  0 .  H . ,  N. J .  Rosebrough,  A. J .  F a r r ,  and R. J.  
R a n d a l l ,  J .  B i o l .  Chem. 19 3 ,  265 ( 1 9 5 1 ) .
87
75.  L u r i a ,  S.  E . ,  M. D e l b r u k  and T . F . Ander son ,  J .  Bac t .
4 6 , 57 ( 1 9 4 3 ) .  -----------------
76.  L u t t e r ,  L.  C . ,  H. Zei  c h h a r d t , C . G. K u r l a n d ,  and G.
S t o f f l e r ,  Mo l ec .  Gen.  Genet .  1 1 9 , 357 ( 1 9 7 2 ) .
77.  Mangi  a r o t t e , ,  G. ,  D . A p i r i o n ,  D. S c h l e s s l n g e r ,  and L.  
S i l e n g o ,  Bi ochemi s t r y  7̂ , 456 ( 1 9 6 8 ) .
78.  M a r u t a ,  H. , S. N a t o r i  , and D. Mi zuno,  J .  Mol .  B i o l .
- 4 6 ,  513 ( 1 9 6 9 ) .  ---------------------------
79.  M a t s u r a , S . ,  Y. T a s h i r o ,  S. Osawa,  and E. O t ak a ,  J .
M o l . B i o l . £ 7 ,  383 ( 1 9 7 0 ) .  —
80.  Mc Ph i e ,  P . ,  and W, B. G r a t z e r ,  B i o c h e m i s t r y  5,  1310
( 1 9 6 6 ) . ---------------------------------------------------- -----------------------
81.  M e h l , J .  W. ,  J.  L.  O n c l e y ,  and R. Simha,  Sc ience  92 ,
132 ( 1 9 4 0 ) .
82.  Mejbaum,  W. , Z . Phys i o l . C h e m . 2 5 8 , 1 1 7 ( 1 9 3 9 ) .
83.  M e s e l s o n , M. , M. Nomura,  S. Br e n ne r ,  C. Daver n ,  and D.
Sch 1 ess i n g e r , J . Mol . B i o l .  9̂ , 696 ( 1 9 6 4 ) .
84.  Mi a 11 ,  S.  H. ,  and F . 0 .  W a l k e r ,  Biochim.  Biophys,
Act a  1 7 4 , 551 ( 1 9 6 9 ) .
85.  M i d g l e y ,  J .  E. M . , B i ochim.  Bi ophys .  Acta 1 0 8 , 340 ( 1 9 6 5 )
86.  M i z u s h i ma ,  S. and M. Nomura,  Na t ur e  2 2 6 , 1214 ( 1 9 7 0 ) .
87.  Mol 1 e r ,  W . , and A.  Chrambach,  J . M o l . B i o l .  23,  377
( 1 9 6 7 ) .
88.  Moore,  P. B. ,  J . Mo l .  B i o l .  6 0 , 169 ( 1 9 7 1 ) .
89.  Moore,  P.  B . , R. R. T r a u t ,  M. N o l l e r ,  P. Pearson,  and H.
D e l i u s ,  J . Mol . B i o l .  31 , 441 (1 9 6 8 ) .
90.  Mo r a , G . ,  D. Donner ,  P. Thammana, L.  L u t t e r ,  and C. G. 
K u r l a n d ,  Mo l e c .  Gen.  G e n e t . 1 1 2 , 229 ( 1 9 7 1 ) .
91.  Morgan,  J . ,  and R. Br imacombe,  Eur .  J .  Biochem. 2 ^ ,
542 ( 1 9 7 2 ) .
92.  M o t t e t ,  N. K. , and S.  P.  Hamtnar, J . Cel  1 Sci  . 1 1 .  403
( 1 9 7 2 ) .
93.  Nash i moto .  H . . W. H e l d .  E. K a l t s c h m i d t ,  M. Nomura.  0_̂
Mol .  B i o l .  6 2 .  121 ( 1 9 7 1 ) .
94.  N a t o r i ,  S . .  H. M a r u t a ,  and D. M i z u n o .  J .  Mol .  B i o l .  38 .  
109 ( 1 9 6 8 ) .
8 8
95 .  Nomura,  M . , B a c t e r i o l .  Rev.  3 4 , 228 ( 1 9 7 0 ) .
96 .  Nomura,  H . ,  M. O z a k i , P. T r a u b ,  and C. V.  Lowry,
Cold Spr .  Harb.  Symp. Quant .  B i o l .  3 4 , 49 ( 1 9 6 9 ) .
97.  Nomura,  M. ,  P. T r a u b ,  and H. Bechmann, Na t ur e  219 ,
793 ( 1 9 6 8 ) . -------------------------------------------------------------------------------
98.  O r t e g a ,  J.  P . ,  and W. E. H i l l ,  B i o c h e m i s t r y  12,  3241
( 1 9 7 3 ) .   —
99.  Osawa,  S . ,  Ann.  Rev.  Biochem.  3 7 , 109 ( 1 9 6 8 ) .
100.  Osawa,  S . ,  E. O t a k a ,  I .  I t o h ,  and T.  F u k u i , J.  Mol .
B i o l . 4 0 ,  321 ( 1 9 6 9 ) .
101.  P a l a d e ,  G. ,  J .  B i ophys .  Biochem.  C y t o l .  1,  59 ( 1 9 5 5 ) .
102.  P a l a d e ,  G. ,  and P. S i e k e w i t z ,  J.  Biophys.  Biochem.  C y t o l .
2 ,  171 ( 1 9 5 6 ) .
103.  P a l a d e ,  G . , and P. S i e k e w i t z ,  J .  Biophys.  Biochem. C y t o l .  
2,  671 ( 1 9 5 6 ) .
104.  P e r r i n ,  P . ,  J .  Phys.  Radium 1_, 1 ( 1 9 3 6 ) .
105.  Pe termann,  M. L . and M. G. H a m i l t o n ,  Cancer  Research
1 2 ,  373 ( 1 9 5 2 ) .
106 Petermann,  M. L . and M. G. H a m i l t o n ,  J .  B i o l .  Chem. 224 , 
723 ( 1 9 5 7 ) .
107.  Roar k ,  D. E . , and D. A.  Y p h a n t i s ,  Biophys.  J.  8 ,  A99
( 1 9 6 8 ) .
108.  Rodgers ,  R . ,  Biochem.  J.  9 0 , 548 ( 1 9 6 4 ) .
109.  Roth,  H. E . ,  and K. H. N i e r h a u s ,  FEBS L e t t e r s , H  
35 ( 1 9 7 3 ) .
110.  S a n t e r ,  M . , and M. S z e k l y ,  B i o c h e m i s t r y  1 0 ,  1841 ( 1 9 7 1 ) .
111.  S a r k a r ,  P. K . , J .  I .  Yang,  and P. D o t y ,  Biochemi  s t r y  5,
1 ( 1 9 6 7 ) .
112.  S c a f a t i , A. R . , M. R. S t o r n a i u o l o ,  and P. Novaro,
Bi ophys .  J .  1 1 , 370 ( 1 9 7 1 ) .
113.  Schachman,  H. K . , A. B. P a r d e e ,  and R. Y. S t a n i e r ,
Arch.  Biochem.  B i ophy s .  3 8 , 245 ( 1 9 5 4 ) .
114.  S c he nd e l ,  P . .  P. Maeba,  and G. R. Cr aven ,  Proc.  Nat^
Acad.  S c i .  USA, 6 9 ,  544 ( 1 9 7 2 ) .
89
115.  S c h l e s s l n g e r .  D . ,  J .  Mol .  B i o l . 2 ,  92 ( 1 9 6 0 ) .
116.  Schaup,  H W . , M. Green,  and C. G. K u r l a nd ,  Molec .  Gen.
Genet .  1 0 9 . 193 ( 1 9 7 0 ) .  -----------------------
117.  , and C. G. K u r l a nd ,  Molec.  Gen. Genet .
1 1 4 . 350 ( 1 9 7 2 ) .
118.  Schaup,  H. W . , M. Sog i n ,  C. Woese, and C. G. Kur l and ,
Mol ec .  Gen. Genet .  114.  1 ( 1 9 7 1 ) .
119.  Se r d y u k ,  I .  N. ,  N . I .  Smi rnov,  0 .  B. P t i t s y n ,  and B. A.
Fe d or o v ,  FEBS L e t t e r s  9 .  324 ( 1 9 7 0 ) .
120.  Smi t h ,  W. S . ,  Ph.D.  T h e s i s ,  U n i v e r s i t y  o f  Wisconsin  
1971 .
121.  S p i r i n ,  A . S . ,  and L.  P. G a v r i l o v n a ,  Mol .  B i o l .  Biochem.
Bi o p h y s . ±  ( 1 9 6 9 ) .
122.  S p i r i n ,  A. S . ,  N. A. K i s s e l e v ,  R. S. Shakul ov ,  and
A. A.  Bogdanov,  Bi okhi  mi a 2 8 , 920 ( 1 9 6 3 ) .
123.  S p i t n i k - E l s o n , P . ,  and A. Atsmon,  0.  Mol .  B i o l .  45 ,
1 1 3 ( 1969  ) . ------------------------------------------------- ---------------------------  —
124.  S t a e h e l i n ,  T.  and M a g l o t t ,  D. R. ,  i n :  Methods in
Enzymology V o l .  XX, P a r t  C, Eds.  K. Moldove and L.
Gros sman.
125.  S t a e h e l i n ,  T . ,  and M. Mese l son ,  J.  Mol .  B i o l .  16,  245
( 1 9 6 6 ) .
126.  S t a n l e y ,  W. M . , J r . ,  Ph.D.  T h e s i s ,  U n i v e r s i t y  o f  
Wiscons i n  ( 1 9 6 3 ) .
127.  S t a n l e y ,  W. M . , J r . ,  and R. M. Bock,  B i o c h e m i s t r y  4 ,  
1302 ( 1 9 6 5 ) .
128.  S t a n l e y ,  W. M . , J r . ,  M. S a l a s ,  A. J .  Wahba, and S.
Ochoa,  Pr oc .  N a t .  Acad.  S c i .  USA 5 6 , 290 ( 1 9 6 6 ) .
129.  S t o f f l e r ,  G . , L . Daya,  K. H. Rak,  and R. A. G a r r e t t ,
J.  Mol .  B i o l .  411 ( 1 9 7 1 ) .
130.  S t o f f l e r ,  G . , and H. G. Wi t t mann,  Proc.  Nat .  Acad.
S c i .  USA M ,  2283 (1971 ) .
131.  S t o f f l e r ,  G . , R. Hasenbank,  M. L u t g e h a u s ,  R. M a s c h l e r ,  
C. A.  M o r r i s o n ,  H. Z e i c h h a r d t ,  and R. A. G a r r e t t ,
Molec .  Gen. Gene t .  1 2 7 , 89 ( 1 9 7 3 ) .
132.  Svedberg ,  T . ,  and K. 0 .  P e de r s e n ,  The U l t r a c e n t r i f u g e  
( C l a r e ndo n  P r e s s ,  O x f o r d ,  1 9 4 0 ) .
9 0
133.  T a l .  M . , B i ochim.  Bi ophys .  Acta 1 6 9 , 564 ( 1 9 6 8 ) .
134.  T a l ,  M. ,  Bi ochemi s t r y  8 ,  424 ( 1 9 6 9 ) .
135.  T a l ,  M . , Bi och i m.  Bi ophys .  Acta 224 ,  470 ( 1 9 7 0 ) .
136 .  T e l l e r ,  D. C . ,  T . A. H o r b e t t ,  E. G. R i c h a r d s ,  and
H. K. Schachman,  Ann.  N. Y. Acad.  S c i .  1 6 4 , 66 ( 1 9 6 9 ) .
137.  T i s s i e r e s ,  A . ,  J.  D. Watson,  D. S c h l e s s i n g e r ,  and B. R.
Hoi 1 i n g w o r t h , J . Mol . B i o l . 1 ,  221 (1 9 5 9 ) .
138.  T r a u b ,  P . ,  and M. Nomura,  J.  Mol .  B i o l .  3 4 , 575 ( 1 9 6 8 ) .
139.  T r a u b ,  P . ,  and M. Nomura,  Proc .  Na t .  Acad,  S c i .  USA
59 ,  777 ( 1 9 6 8 ) .
140.  T r a u b ,  P . ,  and M. Nomura,  J . Mol .  B i o l .  4 0 , 391 ( 1 9 6 9 ) .
141.  T r a u t ,  R. R. ,  H. D e l i u s ,  C. Ahmad - Zadek,  T.  A.
B i c k l e ,  P. P e a r s o n , a n d  A. T i s s i e r e s ,  Cold Spr .  Harb.
Symp. Quant .  B i o l .  3 4 , 25 ( 1 9 6 9 ) .
142.  T r a u t ,  R. R. ,  P. B. Moore,  H. D e l i u s ,  H. N o l l e r ,  and
A. T i s s i è r e s ,  Proc.  Na t .  Acad.  S c i .  USA 57 » 1294
( 1 9 6 7 )  .
143.  Tso,  P. 0 .  P . ,  J . Bonner ,  and J.  V i n o g r a d ,  J.  B i o ph y s .
Bi ochem. C y t o l . 451 ( 1 9 5 6 ) .
144.  Tso,  P . 0 .  P . ,  0 .  Bonner ,  and J . V i n o g r a d ,  Bi ochem.
Bi ophys .  Act a  3 0 , 570 ( 1 9 5 8 ) .
145.  V a s i l i e v ,  V.  D . ,  FEBS L e t t e r s  1 4 , 203 (1971 ) .
146.  Voynow, P . ,  and C. G. K u r l a n d ,  B i o c h e m i s t r y  1_0,
517 ( 1 9 7 1 ) .
147.  W a l l e r ,  0 .  P . ,  and J.  I .  H a r r i s ,  Proc.  Nat .  Acad.  S c i .
USA 4 7 ,  18 ( 1 9 6 1 ) .
148.  Weber,  H. J . ,  M o l . Gen. G e n e t . 1 1 9 , 233 ( 1 9 7 2 ) .
149.  W e l l e r ,  D. L . ,  and J.  H o r o w i t z ,  Biochim.  Biophys
Acta 361 ( 1 9 6 4 ) .
150.  W e l l e r ,  D. L . , Y. S c h e c h t e r ,  D. M^sgrave,  M. Rougvie ,
and J.  H o r o w i t z ,  Bi ochemi s t r y  7_, 3668 ( 1 9 b ü j .
91
151.  Wi t t ma n n ,  H. G . ,  G. S t o f f l e r ,  I .  H1ndennach,  C. G. 
K u r l a n d ,  L.  Randal  1 - H a z e l b a u e r , E . A. B i r g e ,  M. 
Nomura,  E. K a l t s c h m i d t ,  S. Mi zushi ma,  R. R. T r a u t  
and T.  A. B i c k l e ,  Mol . Gen. G e n e t . I l l , 327 (1971 ) .
152.  Y p h a n t i s ,  D. A . ,  Bi ochemi s t r y  29 7 ( 1 9 6 4 ) .
153.  Zimmermann,  R. A . ,  A. Muto,  P. F e l l n e r ,  C. Ehresmann,  
and C. B r a n l a n t ,  Proc .  Na t .  Acad.  S c i .  USA 69 1282 
( 1 9 7 2 ) .
154.  Zubay ,  G . ,  and M. H. F. W i l k i n s ,  J . Mol . B i o l . 2̂
105 ( I 9 6 0 ) .
